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diameter in a depth of a ft. will be ft. Thus if the thiokness of the overlying water-bearing 

cover be 100 ft., the reduction at that depth will be ^ ^ ^ = 12*6 ft.; if the diameter of the 

shaft outside the brickwork is to be 15 ft. 2 in., the excavation must be begun with a diameter of 
15 ft. 2 in. + 12 ft. 6. in. = 27 ft. 8 in. 

When the sinking has been laid out to the requisite diameter, and the surface soil removed to as 

at a depth as the ordinary metijod of curbing will safely sustain, a strong wooden curb, about 
6 in. by G in. in section, and of a diameter 6 in. less than that of the excavation, is placed in x)OBition 
at the bottom, and perfectly concentric with it. The piles to be used should be about G in. by 

8 in. in^section, and from 10 ft. to 15 ft. in length ; their lower ends should be pointed and shod 
with iron, to enable them to penetrate the rock, and their edges should be planed true and bevelled, 
BO as to form a close joint, when placed in contact around the circular curb. These piles are 
then driven down side by side against the outer face of tho curb, care being taken to keep them 
vertical, that their edges may remain in contact throughout the length. A wooden maul is the 
most suitable instrument for driving the piles, and where the ground is strong, the piles should be 
hooped at the head, to prevent them from being crushed and split by tho maul. It will not 
often be possiblo to drive the piles down to their full length at once ; usually al)out 5 ft. will be 
practically the limit. Supposing the piles to have been driven down to this dcptli, the earth will 
DO taken out from the inside to a depth of 3 or 4 ft. or less, according to its strength, and another 
curb of the same diameter laid to support the piles. When the support of tho curbs has been sub- 
stituted for that of the earth, tho piles are again driven down as far as they will readily go, and the 

xcavated from the inside, other curbs being placed to support the piles. These operations 
are ifl^ated until the piles have been driven down to their full length. 

When the earth has been excavated to within, say, 3 ft. of the lower ends of the piles, and a 
curb laid at that depth to support the latter, another curb, 18 in. smaller in diameter than those 
previously laid, is placed inside the bottom one, and 3 in. distant from it all round. Into the 
annular space between these curbs, a fresh course of piles is set, and driven down as far as they 
will go, and the operations of excavating, curbing, and driving are grme through os before. On 
approaching the foot of this second course of piling, another curb, 18 in. Ic^s in diameter than 
those just put in, is laid within the bottom one, and a third course of piling is set in the 
annular space between them, and driven down. These operations are repeated until the stone 
head is leached. When the stone head is reached, ti»e wedging curb is laid, and the walling or 
tubbing erected os quickly as ponsible. Tho space between the shaft lining and the idling is 
filled up, as the walling or the tubbing proceeds, with clay. 

The method of piling followed on the Continent differs somewhat in detail. The piles used are 
about 3 ft. long, from 4 in. to 5 in broa<l, and 1 in. thick. Instead of being driven into the ground 
vertically, they are given an outward inclination of 10*^' or IS'^. When these piles have been driven 
in to their full length, the earth on the inside is excavated to a depth of about 2 ft. G in., or 2 ft. 

9 in. ; and before the thrust of the earth has brought tlie piles into the vertical position, a second 
curb is placed to supiiort them. Around this curb, a 8oc^)nd course of piling is drfvcn as before, in 
diverging directions, an<l the earth again excavated. If the piles preserve tlieir inclined direction, 
another set is driven vertically behind the curbs, and the space Initwcicu the two sets is filled in 
with bits of wood. All systems of piling for passing through water-bearing bods are merely 
modifications of the two foregoing. 

Water-bearing drift dopo&its may frequently be passc^d through by the method of backeasing. 
As the hides of tlie excavation will not stand alone if the height exceed a few inches, curbs will 
have to bo put in very frecjuently, at intervals of three or four courses of bricks. Also the length 
of the segment to bo bricked at one time must be reduced in a propr>rtionate degree ; one-tenth of 
the circumference being as rauoh as may bo removed with safety. It will bo necessary to supix)rt 
the curbs from above, in gmund of unstable eharocter ; and may be effected by means of stringing 
deals spiked to the curbs and to balks of timber at surface, in tho manner adopted for wooden 
curbing. Iron rods constitute a better means of suspension than the deals, and should be 1.^ iu. 
in diameter, one to each segment. The usual mode of fixing the rods is to pass tliein through tho 
bottom curb and through the balk of timber at surface, and to secure them to those pieces by 
nuts. This mode of 8U8])ensi<in will l>o adopted when the lH>ttoin of the course of walling has been 
reached, and the sinking is to be continued in some other manner; as, for example, by means of a 
drum, when a bed of quicksand is met with. W^hen the quicksand is cncouuteroii at a considerable 
depth, the lower course of walling may be suspended, by means of iron rods, from an upi>er course, 
instead of carrying the rods to surface. 

The method of buckeasing, though generally successful in even very wet marl, is inapplicable 
to quicksands, by reason of the teiiclency of the sand to flow with the water into the excavation. 
When such beds are mot with, it becomes necessary to have recourse to piling, or to the brick 
driiin. In the method of sinking with tho drum, geiicrally follow<‘d in tlie Laneashiio (jistrict, 
when a be i of quicksand is encountered l)eneath some fathoms of cover, the baekciising, which has 
been put in down fe this point, is susjHmded by means of iron i*o<ls from balks of timber at 
surface. The first operation is then to construct the drum to support the sides of the excavation, 
and it may be of wood or cast iron. If it is to lie of wood, a sufficient number of oak curbs, 
usually 6 iu. in breadth by 4 in. in depth, are plact^d at intervals of 2 ft. or 2 ft. G in. apart, until 
a length is made up greater by a few feet than the thickness of the bed to be passed through. 
tJi>on tho outside of these ourlw are firmly lioltod, witlx their edges in contact, pieces of planking, 
called lags. This lagging is to take the place of the back sheathing, iu the method ot wchhIcu 
curbing, and as the pressure against it will be great, it should have a thickness of 3 in. The 
edges of these pic'oes should be truly planed to the circle of the excavation, so that when placed in 
contact they may boar evenly and fully upon each other ; this equal distribution of pressure may 
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be best attained by limiting the breadth of the lags to 4 or, at most, 5 in. Constructed in this way 
the drum resists like an arch, and it can yield only by the destruction of the material by com- 
pression. The arch is composed of the lagging alone, the curbs merely serving as supports to 
keep the elements of tho arch in their places. The true fitting of the joints is also necessary to 
keep out tho water, for tho drum is to serve as a short length of tubbing at that portion of the 
shaft where the quicksand occurs. Around the bottom of the drum, and on the outside, a plate 
of iron, about 2 ft. broad, is bolted so as to project half its breadth beyond tho lower end of the 
drum. This plate is called the loader, and its use is to enable the drum to cut its way into the 
sand or soft clay. 

Tho drum is lowered into the shaft and brought to rest with its cutting edge upon the bottom 
of tho excavation ; to give the drum weight, the spaces between tho curbs are filled up with 
brickwork. The sand is then carefully excavated from tho inside of the drum, which sinks 
through the bed, tho leader cutting its way down as the resistance is diminished by the removal 
of tliG sand. Sometimes the friction against the sides of tho driini will cause it to stick, not- 
withstanding the weight of the bricks inside; additional weight is applied in the following 
manner. Four pieces of timber, two bearers and two cross-pieces, are laid upon the bottom curb 
BO as to leave a rectangular opening in the middle, and pieces of board are laid upon these 
timbers around the central opening. U{)on this staging, bricks are built up to the top, or as far 
as may be needed to give the requisite weight. When the drum has sunk through the sand, and 
a few feet into the clay beneath to form a water-tight junction, the sinking may be resumed in the 
usual manner, by backcasing to tlie diameter of tho curbs inside. When tho permanent walling 
is put in, it will be built up inside the dium, which merely serves as a backcasing ; but the 
curbs may sometimes be recovered. 


r hough a wooden drum may bo run to a much greater depth than a course of piles bo 
driven, it is urged as an objection to this drum that it reduces the diameter of the excavation to 
the same extent as the piles. To remedy this, wrought iron, in .V-inch boiler plate, has been 
substituted for the wood. But, as G. G. Andre remarks, in his excelfent work on ‘ Coal Mining,* 
to whioh wo are largely indebted for this article, the liability of these drums to collapse 
renders them far more objectionable than wooden drums. Drums of cast iron are constructed in 
segments, in tho same manner as ordinary tubbing, but with the flanges and strengthening ribs 
on the inside, so that the outside of the drum may be smooth to allow it to sink through the 
sand. 8uch a drum will ^-Idom need to bo weighted, and the reduction in the diameter of tho 
oxcavatioTi occasioned by it will not he more than half that duo to the wooden drum. A well- 
constructed cast-ii'ou drum may bo run in so as to constitute a portion of tho permanent lining of 
the shaft, and when this can be accomplished, the cast-iron drum will afford the most economical 
means of passing through a bed of quicksand. 

In Germany and in Belgium, a method of sinking through quicksands is adopted very similar 
in character to that of the drum used in England. In this method, a cylinder of masonry is 
substituted for the wood or iron of the drum, and the masonry is made to rest upon wooden 
curbs, the bottom one of which is furni.shcd with an iron leader, to enable it to cut its way through 
Tim^l * ^ method of sinking a shaft was adopted by Brunei in excavating the Thames 


<l'stiict of France, bods of quicksands, locally known as torrents, are met 
tke chalk marl, 70 to 80 yds. from tho surface. When the excavation has been walled 
O^'^ksand bed, a wooden curb, of the same diameter as the shaft, is wt‘dged 
apa,iiist the rock beneath the walling. The use of this curb is to afford a point of support against 
nWH Bubsoquent operations. Besides tl.e wedging, two bearers are 

placed across the shaft above the curb, and firmly fixed into tho rock, to prevent the curb from 
of pressure to be brought against its lower side. An oak curb, of the dimensions 

the the sand, at tho bottom of the excavation, and beneath 

I ^ f I • IS provided with a cutting edge, by bevelling the under side, that 

7ln.?n f f -^rouiid the outside of the curb, an iron 

on die 1 leader the heads of the screws being counffTsunk. to avoid projections 

wood the plate being allowed to extend an inch l4yond tho 

segi^ents of the curb arc joined by tenon and mortise, and the joints are strengthened 

aK.m 8 ft to wTZ 3 of » lifting W. 4 in. in d&t 

wedffod curb ^ against tho 

we^goci cnib placed ^>ove for that purpose. When the cutting curb has been got perfectly level 

onf-thTrdTf^a ievoli^n fo™>ei- is presHcd down! by turning each of tL latter about 

and on a love? with it! .? sncccBsion. As soon as the sand appears behind tho descending curb, 

t/on hv ' 1 * 1 ®“"® '"'® P^'^^ent it from flowing over into the exoava- 

t on, by driving m pieces of fir sheatlnng, sometimes preceded by straw bands The lock screws are 
then removed, and a second tubbing curb, of ordinary'^onstruction, is laid uMn the an^toimd 

deserfl^ f ufe Th“e:^ 

it® ®ido level, and a^curbof suita^i^ 
Another method of sinking through tlie upper water bods of this district partakes of tho character 
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of the preceding, and of that of piling. The excavation having been begun of a sufficient diameter 
to allow of the subsequent necessary reductions, is carried down till the water is met with, when the 
bottom is levelled, to receive a wooden curb. This curb, which is generally polygonal in form, is 
4 in. in breadth, and 12 in. in depth, and it is strengthened at each of its angles with iron straps. 
Behind this curb, piles are set, and driven down vertically side by side, so as to form a close joint. 
These piles are 6 ft. to 7 ft. in length, 4 in. broad, and 1 in. tliick, and they are first driven down about 
half their length. The sand or marl is then removed to a depth of 12 in., which is equal to the 
depth of the curb. A second and similar curb is laid upon the first, and the two are driven down, 
by mauls, to the bottom of the excavation. The earth is again removed to a depth of 12 in., a third 
curb is laid upon the second, and the whole are driven m)wn with the maul, as before. During 
those operations, the piles are kept in advance of the bottom curve. If the curbs become fixed by 
the pressure against them before the foot of the piles is reached, the remainder are put in from 
below. When a tubbing of curbs has been put in, in this manner, to nearly the length of the piles, 
a curb of the same sectional dimensions, but of 10 in. less external diameter, is laid within those 
already fixed, and on a level with the lowest; and a second series of piles is driven in between 
the inner and outer curb. These piles are not driven in to their full length, but are left to stand 
out about 12 in., so that they may be nailed to the first series of curbs, should the forcing down of 
the second carry the piles with it. This second series of curbs is sunk in the same manner as the 
first, and the same operations are repeated for all the subsequent series needed. This method has 
been successfully adopted in numerous instances. 

The Kiud-Chaudron system, which consists in boring out the shaft from the surface by means 
of apparatus similar in character to that used for prospective borings, has been successfully applied 
on the Continent. 

Opting out and the driving of narrow ways have been previously referred to in this article at 
p. 370. 

The first operation in getting the coal is to remove the support from beneath it by undercutiing. 
This consists in cutting a groove along the bottom of the seam to a depth of 2 ft. 6 in. or 3 ft. 
The object of good holing or undercutting is to remove the support of the superincumbent coal 
with the least possible waste or creation of slack, especially with thin seams, in which case it is 
preferable to hole in the under clay. Holing in the under clay is, however, not always feasible on 
account of the nature of the clay ; the operation is frequently effected in the partings, or shaly 
deposits, beneath or separating two bands of coal. When the holing is made beneath or in the 
lower portion of the seam, the layer of shaly or pyritous matter constituting the parting fulls with 
the coal and becomes mixed with it, depreciating the value of the produce. Coal so mixed with 
dirt is S lid to be fouU'd, and is described as dirty coal. Before hewing is commenced, the wall-face 
is divided into lengths or stints of about 2 yds., one length being allotted to a hewer. If the 
holing is to be at the bottom of the seam, the hewer lies upon liis side, in order to cut the groove 
ns narrow as possible. The best hands will hole to a depth of 3 ft. or 3 ft. 6 in. witliout exceeding 
a height of 12 in. on the face. In order to have sufficient room to swing the pick in, the height of 
the holing is kept at nearly 12 in. for some distance in, and then gradually reduced to nothing at 
the full depth. This gives an average height of about 9 in. for the whole holing. Tlie hewer, 
having cut away the face to begin the holing, chips away the coal or the clay. He then clears out 
the debris which encumbers the groove, and re|)eats the blows, working forward in this manner 
from one end of his stint to the other. In holing to a depth of 3 ft. or 3 ft. C in. the hewer places 
himself almost beneath the coal, and as the latter is apt to fall when the support is removed from 
beneath it, the coal lias to bo propi)ed or spragged at intervals. Generally the coal requires to be 
detached at the sides as well ns at the bottom, to ensure its fall in a mass. In narrow workings, 
as in the driving of lovols, this side cutting is indispensable. The operation known as shearing 
consists in cutting a vertical groove, similar to the holing at the bottom. In narrow places, one 
side is often sheared and the other broken down by blasting, and this expedient is resorted to in 
long-wall wide workings, to avoid the necessity of shearing. The latter operation will have to be 
u(iopted at intervals, the frequency of which will increase with the strength of the coal. The 
advantage of blasting is merely gain of time, because as much small coal is made by the blast as 
by cutting. 

When the holing and shoMring have been completed, the coal has to be removed from the seams, 
involving three operations — falling, breaking-up, and loading, usually performed by two different sets 
of men. To fall the coal, the spraggs are removed, and the coal sometimes falls by its own weight. 
But when the coal is resisting recourse is had either to wedges or explosives. When wedges are 
employed, they are driven in with sledges between the coal and the roof at intervals of a few feet 
apart ; and to complete the falling of the mass, the iron bar is used. When the coal is very strong, 
and often when it is not strong, the falling is etfected by gunpowder. A few shot-holes are rapidly 
drilled by hand in the upjjer part of the ^ft coal, and lightly charged. A light tamping of shale 
is forced in, and the blast is fired quickly. The coal is much more broken by this means than by 
the wedges, but the eifcctivoiiess of the operation, and t||e ease and rapidity with which it may be 
performed, are usually sufficient to induce the miner to adopt it iu preference to that of wedging, 
notwithstanding the better condition iu which the latter leaves the coal. 

When the ot)al has been brought down, it is broken up into blocks as large as can be con- 
veniently handled, aud conveyed in tubs to the shaft to bo raised to surface. Coal, like rock, 
increases largely in bulk when broken up, and this must be considered in an estimate of the cost of 
.a driving and iu making provision for the execution of the work. It is impossible to estimate what 
the exact increase of bulk will be iu any given case, but a general average is to bo attributed to the 
following proportions ; — 

The increase in the bulk of coal when broken up is in the proportion of 1 to 1*6 ; that is, a 
cubic yard of coal in the seam will occupy a space of 1*6 cub. yd. when removed and broken up. 
The value of 1*6 cub. yd. in feet is 43*2, and a tub having a capacity of 24 cub. ft. will contain 

N^WaO SALA.^ Jw':4G 2 O 2 
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24 43*2 

of thid quantity ; there will be required = 1*8 tub to convey away this quantity; in 
43 * 2 24 

other words, one cub. yd. of solid coal will break up into 1*8 tub load. But the size of the tubs 
employed will materially influence the degree of increase in bulk, tliis increase being greater in 
tubs of small capacity than in those having larger dimensions. When small tubs are used, a 
relatively greater number of loads will be obtained from a cub. yd. of coal. Also the increase in 
bulk will be greater when the coal is strong, and, consequently, breaks up into large blocks. When 
the excavation is in rock, the distance of the shot-holes apart, and the strength of the explosive 
employed, will influence the increase in bulk. For when deep holes widely spaced are adopted, 
the rock is brought out in larger fragments than when the blasting is carried out in numerous 
shallow holes ; and the stronger the explosive the more shattered is the rook. Generally the 
increase of bulk in the levels of a mine may be taken as 1 to 1*75 for coal, 1 to 1*70 for shale, and 
1 to 1 * 80 fur sandstone. 

As there is an increase in bulk, so is there a decrease in weight. If the average weight of 

2133 

bituminous coal is 2133 lb. the cub. yd., its weight when broken up will be y ■ — = 1219 lb. the 

cub. yd. Hence, a tub having a capacity of 24 cub. ft. will contain 1080 lb. In like manner, the 
weight of shale being 153 lb. the cub. ft., that substance will weigh 90 lb. the cub. ft when 
broken up ; and the weight gf sandstone being 158 lb. the cub. ft., this rock will weigh in a 
broken state 88 lb. the cub. ft. A tub of the same dimensions will, therefore, contain 2160 lb. 
of the former, and 2112 lb. of the latter. 

To facilitate the removal of the coal and rook dislodged from the face of the heading, the floor 
should be laid with a double lino of tram rails. These may be of light weight, and of any form 
that may be deomed suitable. When the driving is executed with the aid of machine drills, the 
floor is frequently laid with only one line, from which sidings are laid off as required. These 
tramways are only of temporary character, to be replaced by the permanent lines when the 
excavation is completed. 

The danger and labour of undercutting by tlio pick is great and wasteful, even with a skilful 
hewer, in consequence of the large proportion of slack made, e8^)ecially in thin scams. The differ- 
ence in the amount of this slack which is made by manual and by machine holing is indicated by 
Figs. 853 and 854. In Fig. 853 the coal is undercut by the pick to a depth of 3 ft., the height of the cut 
ranging from about 16 to 18 in. at the face to about 2 in. at the back, or an average of 9 in. Fig. 
854 shows tho seam undercut to the same depth by machine, the cut having a uniform height of 3 in. ; 
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here but one-third of the quantity of slack is made, as compared with manual holing ; and this 
represents a corresponding increase in the value of the coal got, the slack being comparatively 
worthless. Another advantage of machine holing is the increased rapidity with which the work 
can be carried on ; a superior workman will undercut a faces of about 5 yards of coal 3 ft. deep in a 
day of ten hours, in a coal of medium hardness, but this rate of progress is exceptional ; while a 
machine in the same time would undercut as much as 150 yards, or even more, to a depth of 3 ft. 
In the pick action by hand labour most of the power is expended on the back stroke of the pick 
and in keeping it level. By turning a winch handle more than twice the power may be developed, 
and a wheel cutter actuated by this method by hand would be more effective than the pick action ; 
and this arrangement has been successfully adopted in Lilionthars manual-power coal cutting 
machine. One of tho difficulties in coal cutting is the irregularity of tho strata, especially in the 
roof ; but as raiiid working is always favourable to the mainteiianco of the roof, the use ot tho 
machine is of advantage, as by its use the undercut can be made and the coal taken away before the 
weight of the roof has time to come upon it ; thus increasing the safety of the workings, and saving 
much of the expense which would otherwise be iucurre^l for timbering. 

Winstanley and Barker’s coal-cutting macliine. Figs. 855 and 856, consists of a small frame, 
running on four wheels, and carrying two oscillating cylinders, which may be driven cither by com- 
pressed air or steam. On the crank shaft, and underneath the frame, is a pinion A, which gears 
into a coarse pitched toothed wheel B, the ends of the teeth of wliich are armed witli cutters shaped 
as in Figs. 857 to 860, the manner of attaching them to tlie teeth of the cutting wheel being shown 
in Fig. 861 ; and these three forms of cutter are arranged in regular succession around the periphery 
of the rutting wheel B, which can be turned back under the carriage when not roejuired, as shown 
by the dotted lines. When the machine has been placed in position, the cutting wheel is fed into 
the face of tho coal by turning the handle C, until the arm D, carrying the cutting wheel, is at right 
angles to tho carrioge ; the cut is then advanced by slowly dragging tlie machine forward, by means 
of a chain attached to a crab. As the machine advances, wooden wedges are driven into the cut to 
support the coal ; when the machine has been moved out of tho way these are withdrawn and the 
coal falls. This machine weighs 15 cwt., its height above the surface of rails being 22 in, ; it will 
cut at the rate of 30 yards an hour with a pressure of 25 lb, a sq. in., making a holing in the coal 
3 ft. deep and 2 to 3 in. in height. 


COAL MINING. 


889 


The chief features in this machine are, that the swivelling movement of the arm caning the 
cutting wheel enables it to cut or bole its own way into the coal, the depth of cut increasing from 
nothing to about 3 ft. ; were it not for this arrangement, a portion of the coal would have to he out 
out by band labour, for tbe purpose of inserting the cutting wbeeh unless the machine were started 
at the corner of a pillar, or a loose end.*’ It will also be seen that when the cutter wheel is drawn 
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underneath the frame, tbe machine can be taken through narrow roads without the cutting wheel 
being removed ; the space required for the machine to pass being not more than 4 ft., the diameter 
of the cutting wheel, with the cutters attached, being 3 ft. 8 in. Another important advantage in 
this machine is, that the power to drive the cutting wheel is applied direct on the circu^erenoe of 
the wheel ; which mode of gearing also allows the small pieces of coal or slack to fall through to the 
bottom, so as not to block or clog up the teeth of the machine. A disadvantage possessed by this 
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machine, in common with many others, coitslsts in its being able to out on only one side of the 
carriage ; so that when it is necessary to cut on both sides of a drift or heading, the machine reqiures 
to bo turned round bodily, by means of a turntable or some similar contrivance. 

In 1872 this machine had been employed for nearly two years at the Platt Lane Colliery, Wigan, 
in a seam of cool known as the “ Pemlierton Little Coal,'* which was about 2 ft. 4 in. in thickness, 
and so hard that it was worked with difficulty. The machine frequently cut the whole length of 
the face of 120 yards in nine hours, including all stoppages, the average work for one man with a 
pick being, in the same mine, less than 5 yards a day ; a comparison of cost as against hand labour 
showed but a trifling advantage in favour of the macliine. o 

Baird’s coal-cutting machine, also known as the Gartsherrie, is shown in Pigs. 862 to 864. Fig. 
862 is a plan. Fig. 863 an end elevation, and Fig. 864 a side elevation. It weighs 25 owt., and the 



frame on which it is suj)ported measures 6 ft. by 2 ft. 6 in. A single air-cylindor A, 8 J in. in diameter 
and 12 in, stroke, propels the machine and also drives tlie cutters. This engine is driven at about 
240 revolutions a minute ; but the speed is considerably reduced by the gearing of the machine, and 
the cutters move slowly. From one of the sides of the frame a horizontal jib J is extended, round 
wliich passes an endless chain I, carrying the steel cutters T ; there are altogether nine of these 
cutters, and when the cutting is com- 
menced they arc passed forward into 864. 

the coal by the distended jib. The 
endless chain I is driven by a chain 
wheel K on the upi ight shaft S. This 
machine is self-propelling ; its forward 
motion along the face is given by an 
eccentric E cast on the bevel wheel L, 
which is fixed on the upright shaft S, 
the straps of the eccentric E being con- 
nected with a lever G, driving the 
ratchet wheel H ; and the chain which 
draws the machine forward is wound 
round the propelling drum H, on the 
shaft of this ratchet wheel, the other end of the chain being made fast in front of the machine. 
When cutting commences, the endless chain, with the distended jib, moves slowly under the coal, 
cutting at a rate varying from 9 in. to 15 in. a minute. Three men are required to attend this 
machine; another man is required to look after the chain, which is liable to get out of truth; 
and a man to sharpen the cutters, which are brought to bank for this purpose after every shift! 
The breadth of tlie cutters is 2f in., and this represents the width of the groove made by the 
machine. 
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The machine is strong and solid ; it is exceedingly compact ; and the working parts are easy of 
access. When at work it is covered by a sheet-iron case, not shown in the drawings, to shield the 
gear from injury, and also to facilitate the moving forward of the rails and sleepers on which the 
machine runs. This road is formed of short pit-rails U, in 4-ft. lengths, fitting into cast-iron 
joint sleepers V. The rails and sleepers are regularly, taken up behind the machine and passed 
forward, along the sheet-iron cover, to the man in front, who lays them down in readiness. The 
pressure upon these rails, due to the direction of the cut of the chisels, tends to draw them towards 
the coal face. The feed is self-acting, but the rate requires to be made variable, and this could 
easily bo done by altering the arm Q, which is worked by the eccentric E ,* the hauling barrel H should 
also be worked by a friction clutcli, so as to allow it to slip when the cutters come across anything 
unusually hard, or from any other cause become jammed. The endlcss-cbain form of cutter, adopted 
in this machine, is advantageous in working over an uneven floor ; but the method of attaching the 
cutter to the chain, by means of bolts, is cumbrous and capable of much improvement, while the 
form adopted for the cutting teeth would not appear to be the best that could bo devised for cutting, 
not scraping, the coal. This machine must be started from a l(X)8e end, and cannot be entered 
anywhere, as the Winstanley cutter can. 

Gillott and Copley’s coal cutter, Figs. 865 to 867. The machinery is mounted on a strong 
carriage, made sufiioiently low to admit of the cutters getting well down to the bottom of the face. 


865 . 



A is the horizontal cutting wheel, carrying in sockets a number of cutters a. The wheel revolves 
round the stationary centre B, fitted to the under side of the covering plate C, which is bolted to 
the under side of the fence bracket D, the bracket D is bolted to the bed plate E of the engine, 
the whole being mounted on travelling wheels F. The cutter wheel A has internal cog teeth, as 
at b. Fig. 865. In these a spur pinion G gears, the pinion is fixed on the lower end of the spindle H, 
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working in a long bearing I cast in the fence bracket. On the upper end of H there is a beyel 
wheel K, into which gears a corresponding wheel L on the driving snaft M. The shaft M works 
in bearings in N, and has keyed upon it the spur wheel O, deriving motion from the pinion P on 
thecrttnk shaft Q of the engine. The crank shaft is driven by the two oscillating oylinrlers B, 
worked either by steam or compressed air. The action of this machine is as follows ; — On starting 
the engine a slow but powerful rotary motion is imparted to the cutter wheel or disc A, the cutters 
a cutting out the coal from the bottom of the groove towards the face of the working. Durmg this 
action tlie entire maciiine travels slowly along in order to keep the cutters well up to their work. 
TJiis feed motion is derived from the endless screw S, on the shaft M, gearing into the horizontal 
worm wheel T, which is fixed on a short vertical shaft working in a oullar>l^riCg U in the bed 
plate, and this shaft carries at its lower end a horizontal chain pulley Y gearing into the chain W. 
The rear end of this chain is left free after first passing round or being returned over the guide 
pulley \\ as shown in dotted lines in Fig. 865 ; but its forward end is anchored some distance 
ahead of the machine, being first guided over a guide roller X, which is mounted on the ends of a 
pair of tension rods Y and a rigid T-iron bar Z, which project from the front end of the machine. 
The object of thus guiding tlie ciiain, along which the machine hauls itself forward, is to keep the 
machine well up to its work by resisting the tendency which it has to revolve round the centre of 
the cutting wheel. 

Figs. 868 to 870 are nn improved method of mounting the cutting wheel in this machine. A 
bevelled flange A, Fig. 869, is formed so as to project inwards fifom the upper surface of the 
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cutter wheel, and a corresi^nding retaining strip B O, Fig. 868, 
is made concentric with this wheel, and is secured by screws on 
to the under side of the bracket D. The bevelled flange on the 
cutter w’heel revolves in the space a between the retaining strip 
C and the bracket D, the wheel working freely on its centre E. 

The wheel is thus kept up to its cut by the combined action of 
the flange and strip, whilst at the same time the driving pinion 
wliich gears into the teeth 6 of the cutter 'wheel cannot get out 
of gear, since the wheel is prevented from springing by the 
preshiire of the strip and flange. 

Fig. 871 is a plan partly in section, Fig. 872 side elevation, 
partly in section, Fig. 878 a cross section, and Fig. 874 a side 
elevation of Hurd and Simpson's coal cutter. The cylinders 
A are fixed to a framing sup|K)rted on '^'heels, and the level 
of this framing and its angle can be adjusted by means of regu- 
lating screws. The piston rods of the cylinders A ore con- 
nected to cranks on the crank shaft B* ; upon this is a worm gearing into O' on the upright 
shaft C, at the lower end of which is a mitre pinion C’, gearing into the pinion on the 
horizontal shaft D, on which is also fixed the bevel pinion D*, gearing into the largo bevel 
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wheel E, supported on a bevel centre piece screwed to the radial arm H. This fits into the socket 
H, which has a toothed segment on part of its circumference; the pinion G is driven by a 
hand wheel, mitre f, horizontal shaft g, worm g*, and wheel d, and gears into the segment and 
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moves the cutter wheel E either to the right or left of the framing, as may be required. The 
large bevel whcsel E is cast to E', in which the cutters E* are fixed. These are made of plain 
square steel, set sideways above and below, and central to allow for clearance of the disc, and are 
held in the stocks by set screws. The cutter stocks E' are eccentric to the fulcrum on which the 
large bevel wheel E revolves. When the wheel E revolves, the cutters act on the coal with greater 



effect during one half of the revolution than they do at the other half, and while the smaller radius 
of the eccentric is towards the coal the whole machine is drawn forward in the direction of 
the arrow by the self-acting hauling rope, which is wound on the drum 1 by the bevel pinions Ih To 
the shaft I* is fixed a bevel pinion, gearing into two wheels, which are loose on the cross shaft 
I", but connected to it when required by a sliding clutch-box ; to the cross shaft is fixed the bevel 
pinion, gearing into the wheel, on the upri^t shaft, to which is also fixed the worm, gearing into 
the wheel fixed to the axle of the drum 1. The direction in which the machine is traversed 
can be reversed by moving the sliding clutch-box into gear with either of the clutches. As the 
larger radius of the ecoeu&io wheel E comes into eustion the cutters take fresh hold of the coal, and 
these alternate actions are repeated until the whole seam is undercut. The pressure on the 
eccentric wheel E is resisted by the conical antifriction bowls J, which revolve in bearings fixed 
to the radial arm H and its socket, dispensing with guides and slides. The leading end of the 
machine is kept in position, so that tlie carrier wheels may keep on the rails when at work 
by means of the wheel K mounted on a differential elbow lever K*, to which is connected one end 
of the hauling rope ; this passes round a snatch-box, anchored at the end of the bank to be under- 
cut, and is then taken back to the drum 1 on which it is wound, as shown in the side elevation. 
Fig. 874. The shaft X with the pinions V which gear into toothed wheels oast on the carrying 





cutting machine. This cutting wheel is arranged to cut at any height and at any angle in the 
seam, and is supported on a telescopic shaft B, which, with the parts acting with it, are supported 
in slides, and can be swivelled round. The bottom groove is cut first, and the coid supported by 
wooden wedges; the side grooves are then cut, and sometimes, but not always, it is found 
necessary to make the top groove. The machine is then run back, the wedges removed, and the 
block of coal falls by its own weight or is brought down by wedges. Fig. 877 is a very small 
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bracket C on the frame D, which is fitted at 6 to the bed plate E, bo as to admit of its turning freely 
without other independent movement. The cutting ring A is supported by small antifriction 
rolle.B (f, carried by B contained within the cutter ring, except at the part connected with the 
frama On the cutter ring A there is an annular rack e, gearing into a bevel pinion E' mounted on 
the shaft F of the engine G, which is carried by the frame D. The bracket 0 is fitted to guides 
O' on the frame, and can be adjusted vertically by means of screws Fig. 878. This admits of 
the cutter ring A being raised and lowered, in order to cut at any suitable height, as A', Fig. 879. 
To enable this vertical adjustment to be effected without throwing the cutter ring out of gear with 
the driving mechanism, the engine shaft F is made in sections connected by universal joints ff, 
one section of the shaft being fitted to a sodset in the adjoining section, which admits of the 
longitudinal extension or contrition of the shaft. By turning the frame D upon the bed plate E 
the cutter ring mav be adjusted laterally to any angle without throwing it out of gear. This 
# adjustment of the frame D is effected by rotating the shaft G^ provided with worms H', which gear 
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into worm wheels H" mounted on short yertioal spindles oarryinff at their lower extremities 
toothed pinions H, these en^ge with segmental racks on the inner edge of the open bed piate £. 
The bed plate E is supported at each of its four comers by wheels the bearings of which are so 
pivoted that the wheels are capable of being turned upon the bed plate to either of two pdKltions 
at right angles to each other, according as they are to run upon one or other of two railway tracks J 
or J', which cross at right angles. The wheels g are unprovided with flanges, and are maintained 
upon the rails of the track by horizontal rollers g' suspended beneath the bed plate, and arranged 
to bear a^nst the inner sides of the rails. At the intersections of the rails J and J' there are 
segmental plates I, adjusted upon vertical pivots, so as to form continuations of either of the rails. 
When the machine is to bo moved in the airection of the arrow 1, in order to cut the coal y, the 
wheels g of the bed plate are adjusted to the rails J, and the segmental plates I are turned into 
such a position as to form continuations of the latter, as shown by full lines in Fig. 878, and after 
the wheels g have crossed the segmental plates, and the rotary cutter has penetrated to the 
required depth, the wheels and segmental plates are adjusted to the positions indicated by dotted 
lines, and tne machine is then traversed over the track J' in the direction of the arrow 2, or in the 
reverse direction, as the case may be, the result of which is the cutting of a deep ohhnnel in the 
coal. As J and J' are of the same gauge as usually laid for mine tmcks, the latter may follow 
the machine to receive their loads ; all that is necessary in order to transfer the trucks from 
one track to the other being to lay curved rails J* at the points of intersection, as indicated 
by the dotted lines. Cutters of various descriptions may be secured to the cutting ring, but 
they should in all cases be reversible. The cutter, Figs. 881 to 883, consists of a block V pivoted 
to ears i, and carrying two sets of cutting points j and/ facing in opposite directions. The 
cutting points have spaces between them, and are so arranged in respect to each other in the 
several^ cutters that the points of one cutter will remove the coal passed by the points of the 
preceding cutter. Figs. 882 and 883. When the movement of tho cutting ring is to be reyeraed^ 
the blocks V are turned upon their pivots a, Fig. 881. 

880. 881. 882. 88a 



The machine is moved automatically upon both of the tracks. This is effected by arranging 
upon tho driving shaft F, a worm K, to which are adapted the teeth of a worm wheel K>, tran^ 
mitting motion to a pinion K*, which in turn operates a pinion K» on tho spindle of the vertical 
capstan L, around which is passed, one or more times, a chain N made fast at its ends. When the 
capstan L is turned through the medium of the gearing above described, the chain is necessarily 
traversed, and tho machine is thus moved along the track J or J*, according as the chain is 
extended along one or the other. The capstan and its driving gear are secured to and rendered 
vertically adjustable with the bracket O, thus preventing any interruption of the feed when the 
cutter ring is lowered. 

In working the machine it will be occasionally necessary to turn the frame L on its bed plate 
which -- accomplished by turning the pinion H tlirough tho medium of tho gearing already 
described. If this is done while the bed plate is stationary, and the cutting ring in opemtion, the 
result will be the gradual withdrawal of the ring from tho coal, and the termination of the channel 
cut. The cutting ring can be inserted to almost its entire extent into the narrow opening which it 
cuts, and this opening may therefore be cut mucli deeper than by machines in which narrow cutters 
are unable to jpenetrate to the extent of one-half of their diameter. When it is desired to work 
above the coal, it is necessary to reverse the arm B upon the bracket C, as indicated by Fig 879 
When it is required to work on a level with the floor of the pit or beneath the coal, a pinion E* hung 
to the arm B may be interposed between the driving pinion E* and the rack on the cutting ring, 


Figs. 884 to 887 are Galloway and McPherson’s coal-cntting machine. Fig. 884 is a vertical 
Bide elevation, partly in irregular section, through the centre of one cylinder A, and the cutting 
wheel jy, and its carrying arm 1 1' ; Fig. 887 a plan ; and Figs. 886 and 885 a transverse section 
and horizontal section taken on the lines 3-3 and 4-4. Two cylinders A, lying at a considerable 
angle from ^ch other, and the crank shaft B, are erected and worked transversely across the centre 
of the machine in bearings b b\ secured to the side frames C of the carriage. The crank B' of tlie 
crank shaft B is placed and connected to its rods A', so as to be worked by the trunk pistons a of 
ris cylinders A, near the outer bearing 6 of the framing farthest from the face of the cutting Z 
The pistons and cylinders are fitted with trunks a working out through stuffing boxes a' in the 
front covers of the cylinder next the crank shaft B, in order to give long connecting rods A' with 
tt.e Bhorteat posable l^gth of engine frame B" and carriage O, to the former of wl.ich th^ are 
bol^ down at O'*, as low as they will possibly work well. The slide-valve casings E project out- 
wards, m that the double eccentrics F on the overhung end of tho crank shaft B mav work the alidA 
valves F by rods F F". The bevel pinion G fixed near the centre of the crank shaft B geam 
with the bevel wheel G below, secured on the top of the intermediato driving shaft H ; this is 
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cairied on I of the carrying arm V both carried in strong bearings B" of the engine frame, secured 
between the side frames of the lower part of the carriage 0 O', close to the side next the face of the 
coal Z to be out, so that 1 1' and J j can swing round equally towards both ends, and out out under 
the coal Z to the full length of the arm and radius of the cutter wheel beyond the side O' of the 
carriage. The running wheels D on this side of the frame are carried within the frame, those on 



the other side being outside of the frame to give stability to the carriage on its wheels and rails sr, 
the cylinders and engines outside of the frame counterbalancing other weights. 'Ihc oscillating 
ann causes the cutting wheel J to cut, by the screw wheel i fixed on the top of I. The cutters being 
alike at their opposite sides are easily reversed at the ends of the cutting and transverse of the cutting 
machine, to out backwards again along the face of a fresh cutting of the coal Z. Tlie cutter wheel 
JjU made with deep teeth L and recesses, all round the rim at the part where the cutter ^ and 
bolts are secured, and of pitch corresponding to the distance betwtjcn the cutters, the recesses being 
formed in the spaces between the cutters, so as to be actuated as a spur wheel by a corresponding 
spur pinion U\ secured on the lower end of the central shaft H, so as to work into the teeth and 
spaces L L', in the wheel J between the cutters y, and are all driven by the bevel wheels G G', above 
direct from the crank shaft B B', of the engine. The diameter of the cutter wheel J and its driving 
pinion I V can be made large enough to cut in under the coal to any depth from the face and side of 
the machine desired. The hirge boss J' is bolted up through the eye J" of the cutting wheel to a 
bearing part of the under outer end of the arm I', so as to can y the wheel thereon by turned 
flanges and bearings, which are formed with sliallow grooves fllled with leather packings at J", 
Fig. 887| for retaining oil and maintaining a dean bearing surface, while the centre of this eye is 
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formed hollow to contain a considerable quantity of oil for lubrication. The arm of the cutter 
wheel is fixed in the central right-angled cutting position for the long traverse hy the dovetailed- 
headed screw bolts I", working in a corresponding annular dovetailed groove in the upper face 
of the lower heavy flange of the arm 1 1', oH screwed up tight by their screw nuts round the 



bearing B"in the frame B,in addition to the holding action of the screw and screw wheel which 
might allow some little shake or motion of the parts. Tlie engine A B is driven by compressed air, 
which is conveyed to it by indiarubber pipes attached by couplings to the inlet branches A*, fitted 
with stop-o^ks A'", both entering A", cast in the sole plate B", leading to the entering ports A* of the 
valve casing E of the two cylinders A, tlie other branch A" being closed by its stop-cock A"' or a 
blind screw cap at each cylinder exhausting the waste air through the outh't discharge branches 
E' ; the engine, gearing, and cutting wheel, driven in the direction indicated by the arrows in Fig. 
885, when cutting from right to left along the face cut ; and in the reverse direction when cutting 
from the left-hand end, wlierc the cutting wheel in finishing is swung out under the left-hand end 
of the carriage, the wheels D D at that end being first removed for the pumosc, so ns to cut the coal 
to the end, and make no waste th(;re, and also to leave the cutter wheel Jj in j)osition ready for a 
fresh traverse and cut from that end, after reversing the cutters. The engines are reversed by 
turning round their double eccentrics F on the end of the crank shaft B by the hand lever /, 
re-inserting their fixing pin /', fitted with hoMing spring or lever so as to reverse the working 
of the slide valves and engine, and cause the cutter wheel, from whatever end of the cutting it is 
traversed, to discharge the waste coal cuttings which it makes quite behind it. The working parts 
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are covered in by a portable metal case resting on the side of the carriage C O', not shown in the 
figures. 

Bigg and Moiklejohn’s ooal-cutting machine. Figs. 888 to 890, is made low, being only about 15 in. 
in height, so as to work in very thin seams, and this it does in many cases without cutting away 



any portion of the coal. The wholo of the working parts of this macliine are so arranged that the 
cutting wheel can cut in the mineral to the level of the under side of the sleepers supporting the 
rails on which the machine travels ; and it is also provided with means of adjusting it to cut at auy 
angle ; while at the same time retoining great rigidity and simplicity of construction. Fig. 888 is a 
plan of the machine ; Fig. 889 a side elevation ; and Fig. 890 an end elevation, showing the cutting 
wheel F, full depth into the mineral, and cutting to the level of the under side of the sleepers R. 

8S9. 



I'he framework A, is constructed of sufficient size and strength to carry the motive and cutting 
powers, and is mounted on the four travelling w'heels I; the axle boxes J of Ihcso wheels are so 
constructed as to allow of tlm whole framework, with cutting wheel F, being adjusted to any angle 
irrespective of tlie level of the rails and sleepers. At each of the corners of the machine adjusting 
screws are fixed, which are used for raising and lowering the machine to suit the inclination of the 
seam. The motive power acts ujicn the pistons of the cylinders B, which are mounted on A ; the 
power being transmitted to the cutting wheel F, by means of cranks D and bevelled pinion E. The 
cutting wheel is held in position and Bup]^H)rted by tbo arm H bolted to one side of A ; and it is 
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provided with cutters of a shape suited to the nature of the seam which it is engaged in cutting. 
The travelling of the machine along the face of the coal, on the rails Q, is acoomnlished automatic 
cally. An endless chain P, is pasi^ round and over the two pitched 'chain wheels O, and its ends 
are then firmly fixed at both ends of the face of mineral to be out ; the links of the chain P are caught 
by the chain wheels O, and the machine is thus made to travd along the coal face as the cutting 
proceeds. Motion is imparted to the chain wheels O by means of the worm L, the shaft M, ana 
the pinion on the shaft N. 

One of these machines in operation at the Hetton Colliery stands 15 in. high from the level of 
the top of the rails, and weighs about 25 cwt. The average work done by this machine has been 
25 yds. an hour, undercutting 3 in. high and 3 ft. 2 in. into the coal. At Pension Colliery, 
Haddington, one of these macnines has been at work for upwards of eighteen months, in a seam 
varying from 22 in. to 30 in. in tliickness. The coal is hard and is worked on the long wall system, 
in a face of about 200 yds. in length. The average of one month’s work in this mine is 130 yds. a shift 
of nine hours, inclusive of stoppagos, or 14J yds. an hour ; the undercut is 3 in. high, 3 ft. into the 
coal, and close to the floor of the seam. The maximum speed of undercutting is said to be 60 yds. 
an hour ; but this can only apply to a seam in which the holing is very ewy. 

Alexander’s coal cutter is supported by wheels, and carries two cylinders with their pistons, 
valves, and usual details for obtaining motive power from the action of compressed air. Figs. 891 
and 892 are vertical sections at right angles to each other, allowing the gearing for obtaining the . 
progressive movement of the machine along the coal face ; Fig. 893 is an inverted plan showing 
the mode of connecting the jib to the under side of the frame ; and Figs. 894 and 895 are a plan 
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and an edge view of one of the links of the endless chain of cutters. In this machine the jib 
D is mounted so that it can be swung round in either diretdion from its usual position, which is at 
right angles to the coal face, into a j^sitiou parallel to the face. This enables the mocliine to Ik) 
used to cut its way into and out of the coal face without previous undercutting by hand. For this 
purpose the inner end of the jib D is curved out of the plane of the endless chain, and fonned 
with a large eye, to fit and turn on an annular flange, formed on the under side of the main plate. 
Tlie jib D is held by an annular plate bolted beneath it to the flange after it is put in its place. 
The rim is formed with worm-wheel teeth, and the jib is turned as required by means of a worm 
screw engaging with these teeth, the shaft of the worm being lump'd with a ratchet lever by hand, 
or by progressive gearing worked by the machine itself. The jib D is fixed in its right angle position 
after being entered into the coal face by bolts, for which provision is made in it and in the ^*d 
plate. The machine can be placed in its pro^r working position in front of the coal face without 
previous holing for the entrance of the jib, when the latter is set lengthways of the machine. The 
cutter chain is then set in motion, and the jib gradually worked round by the screw acting on tlie 
worm-wheel teeth on the eye of the jib, which thus cuts its way into the coal face as it assumes its 
position at right angles to the face. Whilst the jib is being swung round, the wheel at the 
comer is removed and a strut fixed between the opposite corner and the roof to prevent the machine 
from tilting. The driving gearing may be simplified by nrianging a single spur wheel and 
pinion between the shaft of the sprocket wheel which drives the endless chain E and the driving 
cylinders. The driving pinion and crank shaft are formed in one pieee, the crank shaft and the 
sprocket wheel shaft having bearings in the bed plate A and in a bracket which is bolted down on 
the plate. The chain link and cutters ore arranged so that there may be a cutter to every link E, 
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instead of every alternate link. Each of these links is made with one end solid and the other 
formed into two cheeks to embrace the joint tongue formed on the solid part of the next link; 
the cutter being a short piece of bar steel held by a bolt against a projecting part of the solid end 
of the link. To effect the progressive motion of the machine along the face as the cutting proceeds, 
a pitch chain T, Fig. 891, is stretched between fixed points at the ends of the line of traverse of 
the machine, and with this chain there engages a sprocket wheel U turning on a feed shaft V, which 
is carried partly by the bracket W and partly by another bracket. This feed shaft, which receives 
a periodical motion from the driving wlieel, has upon it a pair of reversed ratchet wheels, with 
catches Y for preventing the shaft from turning back. The i'eed shaft V is turned by means of a 
bevel wjieel Z loose on it, but capable of being engaged with it by the clutch Z', which can be 
moved into and out of gear by a forked lever. The bevel wheel Z on the feed shaft gears with a 
bevel wheel Z" on a stud fixed to a part of the bracket li, and this last bevel wheel Z'' is formed 
in one piece with a star wheel Z*, which is acted on by studs on the drivitig wheel L, tiie studs 
turning the star wheel Z’ a certain distance each time that one is brought round by the rotation of 
the spur wheel L. 

Figs. 896 to 899 are of an arraflgement of this machine for the purposes of vertical cutting. 
Fig. 896 is partly an end elevation and partly a vertical section at right angles to the face, showing 
the jib A with its chain of cutters B in the shearing position ; Fig. 897 is a vertical section of the 
macliinery ; and Figs. 898 and 899 a plan and side view of one of the links of the chain. The parts 
not shown in these figures are similar to those in the machine for undercutting just described. The 
horizontal shaft E is placed the long way of the machine, and has keyed on it a spur wheel F, which 
gears with a spur wheel G on a short sliaft H, carried by the crank frame I. K, and is mounted 
loosely on E. The crank frame is made in two parts I, K, placed one on each side of the pair of 
spur wheels P G, and bolted together, the wheels F G being between. The outer crank-frame 
piece I is mode with a projecting boss L to receive the eye M of the jib A, which carries the chain 



of cutters B ; and the spindle H of the spur wheel G projects through this boss B, and carries the 
wheel N which carries the inner end loop of the cutter chain and drives the chain. The eye M 
of the jib A is formed with teeth O in gear with a worm P, carried by brackets Q fixed to the 
outer crank-frame piece I, and by means of a handle applied to the spindle of this worm the jib can 
be adiusted at any required angle. This crank frame is formed with a toothed arc B, and worm S, 
oarri^ in brackets T attached to the main framing C, and by means of the hand wheel U the 
crank frame I, K can be sot round to any required position. The cutter holder, Figs. 898 and 
899, is similar to that in Figs. 894 and 895, excepting that the cutter V is an oblique cl^l- 
shaped piece of steel, having a socket W formed for it in a pren eoting part on the link at its joint 
tongue end, a wedge key X being inserted to keep it in its place. The cutters of the suooessivo 
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linkB are in rotation inclined in slightly different directions, so that the full breadth of out is 
made by three or four of them^ the cutting edge of each being in width equal to a proportional 
port of the breadth of the out. This modification of ohain-link cutter holder is advantageously 
applicable when holing as well as when shearing. 

In shearing with this machine, the crank frame I, K 
is adjusted at the outer side of the machine, so that 
the jib A can be set up from it in an inclined j^sition 
across the machine, with its outer end extending up 
to the top of the intended shear cut at the coal face. 

The cutters are set to move in the direction of the 
arrows. Fig. 896, from the machine along the upper 
edge of the jib A, and towards the machine along the 
under edge of the jib ; and as the cutting proceeds 
the crank frame I, K is gradually turned upwards 
and over towards the coal faco, whilst the jib A is 
moved on the crank frame in such a way as to keep 
its outer end at the same height until it has pene* 
trated sufficiently far into the face. The crank frame 
and jib are then manipulated by means of the worms 
S and P so as to move the outer end of tho jib down 
in a vertical or moro or less curved line until the 
bottom of the seam is reached ; and afterwards the 
end of the jib A is worked outwards from tho in- 
terior of tho coal face in a direction as nearly hori- 
zontal as is convenient. 

It will be seen that tho shearing operation can be 
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effected whilst the carriage C of tho machine is in the pr)Bition in front of the coal face which it 
occupies when holing or forming the horizontal cut along the bottom of tho ooal face. In order, 
however, to admit of the machine being easily moved into and out of comers and confined places 
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'where it is required for shearing, and along the mine roads, the carriage frame is provided near 
the middle of each side with a pair of axle studs, on which wheels treading lower than the ordi- 
nary wheels at the corners can be placed ; when mounted on these middle wheels the machine 
can be turned in a comparatively small space, and consequently more easily moved in a confined 
or narrow place. 

The object of Dingley and Acker’s coal getting apparatus, Figs. 900 to 906, is to facilitate the 
getting of coal from its natural bed by breaking down after undercutting, or by breaking out from 
the solid, and to do so by simple hand 

apparatus, dispeusing with power machines 902 . 

and the danger and inconvenience of blast- 
ing. For these purposes a hand drilling 
machine is employed to drill a deep hole in 
the coal, and afterwards a breaking down 
tool is used. Tlie expanding tool is made 
in pieces of about the length of the drilled 
hole, and of circular form when placed 
together ; in the interior of these pieces 
are taper grooves to receive a long wedge, 
whicli is driven by blows into the pieces, 
and their expansion thus effected so as to 
break down the coal. 

Fig. 900 is a side elevation. Fig, 901 
an end elevation of the drilling machine 
used with this apparatus, and Fig. 902 is 
an enlarged view of the upper part of 
Fig. 901 ; a is the framework which is 
secured in position, between the floor and 
roof, by tlio screws bb' ; c is a sliding bar 
secured to the framework by the set screw 
d, which bar allows of a greater range of 
ndiustmemt than is permitted by the screws 
b 6 . The lx)ring bar e is formed of a 
piece of square iron or steel, and passes 
through a square hole in the toothed wheel 
/. The driving wheel g is oi)eratod by the crank handle h; mofiou from g to / being com- 
iminic4ded by the intermediate wliecl i. This arrangement of gearing allows of the boring bar 
working close to the roof of tlio mine, j is a nut, through which the screwed slcovo k works ; tho 
screwed sleeve k being attached to and caused to rotate with the boring bar c by the set screws /. 
Tbo boring bar o can bo lidjustcd to the face of the work, or removed tlK^refrom, by loosening tbo 
sot scrows I and sliding the bar in or out ; to save time, when the boring bar has worked into tlio 
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coal tho full depth of the screwed sleeve k, tho nut j is formed in two halves, hinged together and 
secured by the catch m, so that it can be opened, the sorewotl sleeve withdrawn, and the boring bar 
adjusted without the necessity of screwing the sleeve k back again. The end of the boring bar is 
provided with cutting head n, so that the coal is p*cmovod in washers or ring. Tho breaking down 
apparatus is shown in Figs. 903 to 906 ; o are the t*xpanding ]>ioce8, fonnod with taper grooves in 
their interior ; p is the wedge ; Fig. 903 is a section through tho expanding pieces, showing the wedge 
inserted; Fig. 904 the wedge driven homo and the block of coal breaking away from the face 
by the expansion of tho pieoes o ; Figs. 90%5 and 906 arc end views, before and after driving in 
tho wedge. 

2 D 2 
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Fiff. 907 Is Hurd and Bimp8on*B apparatus for breaking down the block of coal out out by the 
beading machine, and for removing the thin layers of coal left by tho machine ^tw^n the i^f a^ 
floor of the heading and the hole cut out. This apparatus consists of a cast-steel wedge or shovel 
which is forced forward by the screw Y ; this screw is turned round by the lever Z and wtch Z 
acting on the toothed wheel V, being in fact an adaptation of the ordinary ratchet brace. The catch 


sot. 



is reversible, the end nf tho screw Y working in a socket which abuts against one of t^ cast-iwn 
props B ; the adjustable stay C serving to increase the resistance to tho scjew Y. The wedge 
shovel X is 14 in. wide, and is partly double wedged in cross section to prevent it slipping sideways 
when the power is applied ; the full length of the wedge is 24 in., with a taper of 6 in. and a screw 
traverse of 20 in. ; all tho working parts being made of steel. - xu i 

Fig. 908 is a longitudinal section of J. Grafton Jones* hydraulic wedge for gethng coal, and 
Fig. 909 a cross section on tho line EE; T are tension bars which enclose tho inclined steel 

90S. 
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pressing blocks B ; W is the wedge ; R the ram ; P is the piston carrying the enp leather ; Y screw 
plugs ; a is the screw pump cylinder ; D is the screw ; and f is tho reservoir of water or oil. Tho 
pressing blocks B are fitted one into tho other, in the cross sections Figs. 910 to 912, in order to 
increase the amount of expansion ; by this arrangement the expansion obtainable, or the distauco 
travelled by the pressing blocks when the wedge has bc*en driven borne, is equal to the diameter 
of the hole into which the instrument can be put. This form of pressing block renders the 
use of s[)lit wedges unnecessary, as the expansion is obtained with one wedge, a point of great 
importance, for the labour and delay caused when it is necessary to introduce additional wedges in 
order to obtain tho requisite degree of expansion are considerable. The movement of the pressure 
blocks, shown by the dotted lines in Fig. 908, is parallel to the axis of tho machine, so that tho 
whole length, and not one comer only, of the blocks is pressed against the coal. The diameter 
of the main cylinder is 3^ in., and the expansion of tho blocks B 3} in. The distance travelled 
by the wedge is 14 in., the power of tho ram being multiplied by 4 ; the area of tho piston P 
is 2 circular inches, and that of the screw pump D one circular inch, multiplying tho jiower of tho 
screw by 2. The screw has five threads to the inch, and the handle by which it is turned is 2 ft. 
long ; thus the leverage of the screw is 24 x 2 x x 5 = 755. If therefore the weight or 
power applied to the handle be equal to 1 cwt., the pressure on the pressing blocks will be equal 
to 1 X 755 X 2 X 4 = 6040 cwt., or say 300 tons. 

This machine has been in use at the Kiveton Park Colliery, South Yorkshire, whore tho coal is 
very hard. A hole is first drilled about the middle of the seam, and exactly on the end ; into this 
hole the machine is placed, and by the lateral movement of tho pressing blocks the coal is split 
along the line of cleavage ; blocks of coal 4 yds. l<»ng and 4 ft. wide being got at one operation. Tho 
coal is about 5 ft. thick, thus about 8 tons are got with one application of tho machine ; and this coal 
is in such a form that it can easily be broken up with a bar for loading into tho tubs. In breaking 
down coal which has been previously holed no difficulty is experienced ; and for this work machines 
are made as small as 2 in. in diameter, and weighing but 40 lb. ; although with one of them a 
pressure of 200 tons can be put upon the mineral to bo broken. 

Bidder*8 coal breaker, Fig. 913, consists of a small hydraulic press A of 15 tons power, and 
weighing about 60 lb. To this press is attached a pair of steel tension straps B, bent m the form 
of a tuning fork, and connected to the press by tho collar O. At the end of these straps is first 
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placed a clearance box D, about 4 in. long, and upon oacb side of the straps expanding pieces B, 
made of steel and 15 in. long, which exert a pressure at the sides of the hole. The points of a pair 
of twin wedges, 15 in. by 8 in., and forming one wedge, are then inserted in the expanding piece, 
and the machine is fixed in the hole. The hydraulic press having been charged with three pints of 
water, which may be used over and over again, is then worked by means of the small handle Ot, and 
the ram H forcea out from the cylinder, thus driving up the pair of wedges between the expanding 

013 . 
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pieces, and giving a lateral expansion of about 3 in. This not being in all cases sufficient to bring 
down the coal the press is withdrawn, and the relief valve a opened, thereby allowing the water to 
return to the reservoir. A second wedge is then inserted between the two twin wedges by means of 
a small rod, five-eighths of an inch in diameter, and the press being again connected this wedge is 
driven home. By this means an additional expansion of 3 in. is obtained, making a total expansion 
of 6 in., which in most cases is found to bo sufficient; but a third wedge can be applied if necessary, 
and the expansion thus increased to any reasonable extent. In this manner as inuch as 10 or 12 cwt. 
of coal have been brought down in ten minutes. The drilling apparatus consists of a screw 4 ft, 
long by 1 J in. diameter, to the end of which is attached the drill. The fulcruin for taking the 
resistance of the screw is obtained by inserting a bar of iron in the coal at the side of the place 
selected for the hole which the machine has to drill. This small aperture is made by punching 
with the ordinary instrument a hole 10 in. deep and 1 in. in diameter, and the time occupied in 
making this preparation is usually about four minutes. The small bar for taking the resistance of 
the screw is then inserted, and it may either be fixed at the side or in the face of the coal, as the 
case may require. The screw is then adjusted to this bar, and the drill driven in the coal by a 
man turning the handle at the end of the screw. The time occupied in drilling this hole for the 
machine, 3 in. in diameter and 3 ft. 6 in. deep, is from ten to fifteen minutes, according to the 
hardness of the seam. If it is necessary to drill the hole in such a position that the rotary motion 
of the handle by which the screw is propelled cannot be obtained, a ratchet may bo used, so that 
under any clrcumstuuoos no difficulty can bo felt in procuring the required motion. 

At a trial of this machine in a pit at North Staffordshire, in a heading in the 8 ft. Banbury 
scam, under ordinary working circumstances, the hole for the machine was drilled, and about 
4 tons of c<)el brought down in twenty-five minutes. It was reckoned that to have brought down 
the same amount of coal by blasting would have required 1 lb. of powder and have taken one hour 
to drill the hole for the charge ; the maohino thus showed a saving of the whole value of the powder 
and thirty-five minutes in time. 



Lilienthal’s hand-power coal-cutting machine, which has been used with satisfactory results in 
difieront mines on the Continent, is of simple construction, and can easily be moved by two men 
and erected in narrow and low headings. Fig. 914 is a plan of this machine, and Fig. 1)15 an 
elevation, partly in section. The cutter wheel C is made with internal cogs, and is driven by the 
pinion P, to which motion is imparted by means of the bevel gearing G and flywheel W ; the 




406 


GOAL MININa 


whool W being timied by one or more men, according to the hardness of the seam. The forward 
motion of the cutter wheel C, in order to keep the cutters up to thoir work, is obtained in the 
following manner ; — A bevel junion P' is made fast upon the axle of tlio cutter wheel C, and this 
pinion drives a second bevel pinion P"fjvst on the bar B, the end of this bar B is screwed and turns 
in the fixed nut or collar N, which is attached to the fixing bar F ; and so by the revolution of 



the bar B, the cutting wheel C is gradually and regularly driven forward and kepi up to its work, 
at the same time that it is guided by the cut already made in the coal. The amount of tlie 
forward motion which is given to the cutter wheel at each revolution depends upon the relative 
diameters of pinions P' and P", and the pitch of the screw B' ; for coal of average hardness and 
quality a forward motion of the cutting wheel of about half an inch a revolution has been found 
to answer best. The amount of work done by this machino averages about 18 sq. ft. of coal cut 
an hour by two men. 

The cost of conveyance of the coal from the working places to the shaft may determine tho 
profitable working of a seam. The term haulage is applied to this operation, and includes tho 
loading of the coal into the sledges or tubs, and the dragging of these to the nearest horse-road, 
described as putting in some districts and as carting in others. Haulage comprises putting tho 
coal to tlie road, conveying it along the road to the main levels, and conveying it again along tlu^so 
levels to the shaft. In each of theso stages different conditions will be encountered and different 
means employed. 

A principle to be observed is to avoid all unnecessary shifting of tho coal. When the coal is 
once loaded into the tub at tho working face it should not again be touched until it is shot out at 
surface. 

The conditions involved aro the inclination of the romls, which may bo in favour of or against 
the load ; the regularity of the inclination and the direction, for a succession of elevations and 
depressions in tlio surface of the roads, and the existence of curves unfavourable to the traflic; the 
state of ihe surfaces over which tlic wheels of the tubs run, the even and firm laying of the tram 
mils, and their preservation in a state of efficiency; and the provision of suitable and convenient 
shunts. The operations of putting tho coal along the working face constitute the first stage of tho 
lal>our of haulage. 

The mass of coal thrown down at the working face by the getters, is broken up with sledgo 
hammers by the loaders into blocks of a size capable of being haTidlcd, care being exorcised to muko 
as little small coal as possible. The blocks arc lifted by hand into the vehicle. It is the duty of 
the loader to reject all the impurities accompanying the coal. As, however, he gains by including 
the impurities with tlie coal, supervision and chocks arc needed. The supervision must Ik^ excr- 
cise<l in the working places, and the checks applied at surface. Tl»e loaders place a number or a 
metal ticket, called a token, upon each load sent away. On arriving at bank, the load is weighed 
and entered in a lxx)k according to the number it bears. 

When tho coal has been loaded, the tub has to bo dragged or put to the nearest road. Blodgos 
were, and are still, used for this purpose. The form varies widely, but it consists essentially of a 
wooden box set upon two wooden runners. As a vehicle for tho conveyance of coal, the sledge 
possesses some advantages and numerous defects. It may be made very low to suit the ro^juirements 
of thin seams, costs little, and may be used without a B|>ecially prepared road. But it requires great 
force to be dragged over even a tolerably smooth fioor,and its small capacity necessitates the om^doy- 
ineut of a great number of putters. 

Instead of the sledge, the tub is now generally adopted. It consists of a rectangular box built on 
a stout oak framing, and carried upon axles and wheels. The capacity varies generally from 5 to 
8 cwt. The wheels are flanged to run upon bridge or X rails, and vary in diameter from 7J in. to 
15 in., according to the requirements of the seam and other circumstances. Tubs of wrought iron 
are also largely employed ; of these, Figs. 916 and 917 aflbrd typical examples, that in Fig. 917 
being fitted with a hand brake. 

Wherever the circumstances are favourable, tram rails are laid along tho face. A tramway 
in such a situation is of a tempciraiy chunicter, and the easiest method of laying the rails is 
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desirablo. One of the Blmplest tramways consists of half-round dr sleepers, provided with two 
notches into which the rails are laid, and hold in place by moans of wedges driven in on the 
inside of the rail. » 

The subject of the wheels and axles adapted to tubs and colliery trams will be found treated 
in this Supplement, under the head of Axles. 

916 . 



In driving the roadways, undulations in the floor should be avoided. The form of the rails, and 
the means employed for connecting the rails to the sleepers, are the same upon important under- 
ground engine planes and upon surface railways, the only difference being in the dimensions of the 
material used. On the less important ways, simpler means of connection, and sometimes simpler 
forms of rail, are adopted. 

The rail used in the edge-rail system is a flat iron bar, from 1 J in. by } in. to 2f in. by f in. in 
section, according to the weiglit of the traffic, and upon the edge of this rail the wheels of the tubs 
run. The rail is fixed to the sleepers by a wedge. 

A common form of rail laid in the main ways is the ordinal^ double-headed rail. This form 
satisfies the requirements of underground lines, since it is of light weight, is laid upon tmnsver^ 
sleepers, and may be easily fixed in position. When the line is to l)e permanent, it is laid 
with cast-iron chairs in the manner adopted upon ordinary railways; but in less important ways, 
the rails may be spiked down to the sleepers. Bridge rails possess the advantage of being the 
lightest form obtainable, but require longitudinal sleepers, which in a mine are objectionable. 
Bridge rails have been laid upon transverse sleepers, but their section is unsuitable for that kind of 
support. The Vignoles rail has been adopted on underground lines with satisfactory results. 
Wneu the floor is weak, short rails should be used for tlie purpose of reducing the length of lino 
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neoessary to be polled trp and relaid. In places where the floor is very soft, it will be well to 
distribute the pressure by placing lon^tudinal timbers beneath the cross sleeps. The weight of 
the rails used of any given section will vary with the capacity of tubs, and also with the distance 
of the sleepers apart. Generally this distance will be Bbont 2 ft., or 2 ft. 8 in. ; if spaced more or 
less widely than this, the weight of the rail for a given load must be increased or diminished in a 
proportionate degree. On tho principal engine planes, the weight of the rails will vary generally 
between 18 lb. and 24 lb. to the yard ; on the secondary roads, a considerably less weight will bie 
found to be sufficient. « 

In the construction of nndergonnd railways, the joints which claim special attention are the 
junctions of the various lines with each other. These junctions are far more numerous than on sur- 
face railways, and take pl^*e at sharper angles. WJien one lino enters another at a small angle, 
the mode of efleoting the junction is similar to that adopted on surface lines, slight differences of 
detail only being made in favour of simplicity. 

The roads of a mine frequently intersect each other at a great angle ; and when the junction 
has to bo effected under such conditions, other means have to be adopted, consisting generally of a 
fixed table, upon which the tubs are turned, by being lifted at one end and carried, or by being 
dragged round. ^The table or platform is constructed of stout planking, carefully laid, and covered 
with iron plates, to diminish the friction, and to lessen the wear and tear. The chief points 
requiring attention are to lay the floor evenly, and to give the structure sufficient stability to 
resist the somewhat violent strains thrown upon it. The ends of the rails are brought upon tho 
flooring, and made to curve outwards ; and Mtweon these curved portions ribs or raised guides, 
curved in the contrary direction, and brought together in a point, are placed ; the object of this 
arrangement is to facilitate the entrance of the tubs. A road upon which the traffic is effected by 
the full tubs causing the movement of the empty ones is called a self-acting plane. An inclination 
of 1 in 36 is the limit, below which the plane ceases to be self-acting, and to attain so low an 
inclination as this tho road and the tubs, as well as tho apparatus employed therewith, must be 
maintained in a perfect condition. Practically it may be considered that 1 in 30, or a little more 
than 1 in. in a yard, is the least inclination that will render a plane self-acting. As the inclination 
becomes greater than this, a brake will be required to absorb the excess of force acting in the 
descending load. 

In plan, a self-acting plane differs but little from tho ordinary roads ; it requires, however, to 
be somewhat more strongly constructed. Generally a double line is laid throughout the length of 
the plane, and each line receives alternately tho loaded tub, but a single line of mils can be worked 
on this system with a pass by. The loaded tub in its descent forces tho points back, and tho empty 
tub thus finds tho way prepared for the ascent This mode of laying out the line allows tho 
breadth of the road to be reduced. 

, The only mechanism required to work a self-acting plane consists of a reel, sheave, or drum, 
around which a rope or chain is passed, and upon which is set a brake to control its motion. TIjo 
apparatus may bo made to revolve about either a vertical or a horizontal axis, tho latter arrange- 
ment being more common. In the former case, only one rope is used, which is passed round the 
sheave, one end being attached to a tub at the bottom of the plane, and tho other end to a tub at 
the top of the plane. In the latter case, either two ropes coiling in contrary directions may be 
used, or a single rojje sufficiently long to be passed several times round the reel. In some instances 
an endless rope has been employed, which is made to pass over a pulley at the bottom of the incline, 
and kept in a state of sufficient tension by means of a counterweight connected to the pulley with 
the endless rope, which r^uires the tubs to succeoil each other with great regularity ; the full tubs 
descend on one line of rails, and the empty ones ascend on the other. Whatever the arrangement 
adopted may be, a powerful brake must always be provhled. This brake may consist of a segment 
of wood fixed to a lever, and arranged to be readily brought into contact with tlie j>criphery of tho 
sheave. To obtain groater power, compound levers are employed, and the same object may bo 
attained by means of an iron band enclosing the whole of the periphery, and w'orkod by a system 
of jointed levers. 

In order that the brake may be capable of controlling the motion of the load, as well as that of 
the sheave or reel, it is necesscur to arrange the rope in such a way that it cannot slip. With the 
horizontal reel this may easily be effected by passing the rope a few times round it. But with a 
sheave turning about an axis that is perpendicular to the plane this expedient cannot be so readily 
adopted. One turn round a sheave having the ordinary kind of groove would bo insufficient to 
prevent slipping. In such a case the groove is made conical, so as to grip the rope, or a clip 
pulley is used. Another method consists in passing the ro|)e several times round the sheave 
and providing an arrangement by which the friction of tho several turns of tlie rope against 
each other is avoided. The arrangement is merely the addition of one or more parallel grooves to 
the sheave, which is then put in relation witli another slieave of any diameter provided with one 
groove less. The rope is wound and unwound upon this sheave regularly, as upon one of the 
ordinary kind. 

The friction of the rope upon a self-acting plane is considerable ; and this friction not only 
absorbs the motive power, but causes a rapid wear of the rope. This is reduced by means of 
friction rollers, plac^ at short intervals apart throughout tho plane, to prevent tho sag of the 
rope from causing contact with the ground. These friction rollers should be of a considerable 
diameter relatively to their gudgeons, which should be kept well greased. The details of the method 
of working a self-acHng plane vary somewhat, according to the inclination of the plane, the number 
of the points at which it receives the tubs, and the number of tuba let down at one time. When the 
inclination is moderate, and the tubs are despatched from the top of the plane, each man, as fie 
arrives with his loaded tub, immediately attaches it to the rope and runs it on to the rails of the 
plane. The brakesman does not allow it to descend until he has received a signal from the bottom, 
informmg him that an empty tub has been attached to the other end of the rope, when he releases 



COAL MINING. 


409 


the brake and the load descends, bringing n;) the empty tub. Oontinuons systems of working by 
endless ropes haye previously been described in this Dictionary, under the head of Haulage. 

When the coal has been brought to the bottom of the shaft, it has to be lifted or wound up to 
bank ; and to effect this the tubs are placed upon a platform termed a cage. The various forms and 
arrangements have been fully described at p. 266 of this Supplement. 

The introduction of cages moving between guides, combined with the adoption of steam engines 
of great power, have rendered it possible to attain a high speed in the shaft, and to raise largo 
quantities of coal in a given time. As the entire output of a colliery will be limited by the means 
available for raising the produce through the shaft, it is desirable to provide for future contin- 
gencies. 

It was formerly the custom to tip the coal as it arrived at the shaft into tubs or buckets, in which 
it was raised to bank. These being allowed to swing loose in the shaft, rendered it impossible to 
wind at a high speed ; and it was necessary to adopt some arrangement to prevent the ascending 
vessel from coming into contact with the descending one, when two were used in the same shaft. 
This system of winding was very slow and insecure, and by the vessel striking against the sides of 
the shaft, both it and the rope were speedily destroyed. The system is still in use in Belgium, and 
partially in Staffordshire, where the coal is raised upon skips. The necessity for a better system of 
winding led to the adoption of cages moving between guides. These cages are of iron, made to con- 
tain one or two or more tubs. Tlie tub is run on to the floor of the cage at the bottom of the shaft, 
and off again when the cage has arrived at surface, so that the transfer of the load from one recep- 
tacle to another is obviated. The cages are made to run between guides, that they may be rais^ 
and lowered at a high speed with safety. In some pits the load is raised with a velocity of 20 ft. a 
second. In Staffordshire, instead of using cages, the corves are suspended directly from the rope, 
and raised in that manner in the shaft. The corves differ in their construction from tubs, and are a 
platform carried upon wheels with two or three large iron hoops. To load these skips, as they are 
called, a quantity of coal is stacked upon the platform, and the largest hoop is then placed over it to 
keep it in position. A second quantity is then stacked up, and a second hoop of a somewhat smaller 
diameter placed over it. These operations are repeated with hoops of smaller size, until the pyramid 
of coal has attained the limit of height allowed. The mass is further held together by tlie four 
chains by which the skip is suspended from the drawing chain. The load is then drawn by a horse 
to the bottom of the shaft, where it is attached to the drawing chain. On arriving at surface, it is 
drawn from over the shaft u{k>ii the landing, or on to a sliding platform run over the shaft mouth, 
upon which platform the loud is then lowered. The loaded skip having been run off, and its place 
supplied by an empty one, the latter is raised sufficiently to allow the platform to be withdrawn 
and then lowered into the shaft. The head-gear of a shaft has been described. It consists of 
a pulley frame, constructed either of wood or of wrouglit iron, carrying a pulley, or more fre- 
quently two pulleys, over which the rope suspended in the shaft is i)a8seJ, and led thence to the 
arum of the winding engine. These pulleys are provided with a round or a flat groove, according 
to the form of the rope used, and are made of a large diameter in order to avoid giving a quick 
bend to the rope. 

The essential parts of a pit-head frame are the legs or uprights, upon which the pulleys rest, 
and the spurs or inclined supports which are set on the side of the legs next the engine. All other 
parts of the frame are auxiliary. The uprights are intended to resist the vertical strains, and the 
spurs the obihiue strains. 

The wood used in the construction of pit-head frames is usually pitch or Memel pine. It is 
essential to stability that till the chief parts of the structure should be set upon the same wooden 
framing. This wooden framing consists of sills strongly jointed and bound together, upon which 
the legs and spurs are set by means of cast-iron sockets bolted down to the sill. The double tenon 
joint is generally the most suitable in such structures, and it may be rendered secure by an iron 
bolt passing through each tenon. After the joiuts have been properly fitted, they should be well 
covered with red lead. The legs of the frame are slightly inclined to each oilier towards their 
summits, and are braced together. The spurs are also in some instances braced to the legs, or mado 
to butt against the engine house. In order to obtain the greatest height possible, with timber of a 
given length, the cap or framing carrying the pulley is placed above the uprights and back- 
stays. As it is necessary that ready access should be had to the pulley, it is usual to provide one 
of the back-stays with steps. Iron pit-head frames are also much used, and have been already 
referred to at the commencement of this article. 

The pulleys used on pit-head frames are of iron, and vary in diameter from 10 to 20 ft. 
When wire ropes are used, the pulley must be of a large diameter, to avoid straining the metal by 
too sharp a bend. Formerly pit-bead pulleys were constructed wholly of cast iron, and this material 
is still used in the South Staffordshire district, where heavy drawing chains are employed with 
pulleys of small diameter. But generally this system has been abandoned for the compound system, 
1(1 which the central boss and the rim are of cost iron, and the arms of wrought iron. The rim of 
the pulley is grooved to receive the rope, and the bottom of the groove is made either circular or 
fiat, occ oifling as round or flat ropes are to be used. 

Hemp was formerly the only material employed in the manufacture of ropes ; later, aloe fibre 
was adopted, and these two materials are still commonly used. The strength of ropes made of aloe 
fibre is slightly greater than that of hempen ropes, and their durability is superior, but they are 
specifically heavier. Iron wire has been adopted as a material for ropes, several wires of the 
toughest iron being twisted together in the same manner as the strands of the hemp ropes, but 
the degree of the twist is less in the former tlian in the latter. Theoretically, a wire rope will 
best resist the strains brought to bear upon it, when all the wires of which it is comp^ed are 
parallel to one another ; but practically, by reason of the flexibility and extensibility required, the 
strength of a wire drawing rope is found to be greatest when th© stmnda are arranged spirally as 
iu the hempen rope. In the wire rope, the weight of each unit of length is, for a given strength. 
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oonsiderably less than iu the hempen and aloe-fibre ropes, and the diameter is also reduced in a like 
degree. The flexibility however is loss, and for that reason, pulleys of a larger diameter have to be 
employed. The transition fi*om iron to steel was easy, and the most recent ropes are of this 
material. The greater tensile strength of steel allows the diameter of the rope to be still further 
reduced, so that the weight a unit of length has again been lessened. 

In flat ropes it is supposed that the several wires of the rope are more evenly strained than 
when arrang^ spirally. This result may be regarded as more than doubtful. If the face of the 
pulley is not perfectly flat, the rope must be irregularly strained. To prevent this, each strand is 
made as nearly as may be identical, and they are used in even numbers. The direction of the twist 
is contrary in each pair, to counteract the tendency of the twist to oome out under the action of the 
load. In winding, the flat rope is made to lap over itself upon the drum, so that the diameter of 
the latter is practically increasing or decreasing during the operation of winding. An advantage of 
this overlap of the rope is that the latter is kept constantly in the same vertaoal plane. The flat 
rope has not been regarded favourably by mining engineers. 

The subject of the strength of ropes has b^n dealt with in this Dictionary under the proper 
heading, and that of stren^h of materials. Winding engines also will be found treated in wis 
Supplement under the separate heading. 

Bound rope is wouna upon the drum in parallel coils, and in some instances it is made to rise 
and return upon itself on cylindrical drums for the purpose of diminiahing the length of the latter; 
this arrangement is unfavourable to the durability of the rope. When the drums ore conical, over- 
lap is impossible, and the necessity for it does not exist. A flat rope is always wound upon itself, 
so that its coils are all in the same vertical plane. 

When both portions of a round rope are wound upon the same drum, the length will be that 
required by a single rojK), since one portion is being unwound while the other is being coiled upon 
the drum, so that the sum of the lengths coiled at any given moment is equal to the length of one 
portion of the rope. In such a case, one portion of the rope is wound over the drum, and the other 
portion under the drum. As both portions are wound over the pulley, one is thus wound in 
contrary directions, a circumstance unfavourable to its durability. The evil is remedied by tlie use 
of two drums revolving io contrary directions, an arrangement which allows both portions of tho 
rope to bo passed over the drum. Usually a notch or a groove is provided on the drum to rocoivo 
the end of the rope, which is ht Id in by wedging. To avoid bringing the strain of tho load upon 
tins fastened end of the rope, tho length is always regulated to leave two or three coils upon tho 
drum when the cage is at the bottom of the shaft. 

In arranging the length of the rope, the two portions are so proportioned that when one cage is 
resting at the bottom of the shaft, the other is resting upon tho keeps at the top. A slight excess 
of length is given in order that the operation of raising the top cage a little above, and the lowering 
it upon the keeps may not affect the bottom cage. In determining the length for a new ropes a 
little allowance should bo made for stretching. It may happen that iu consequence of the working 
being directed to a higher seam, or from some other cause, the rope is found to be too long ; or in 
consequence of a defect having to be cut away, it may become too short. In such coses, as in that 
of putting up a new rope, it becomes necessary to proportion the lengths as recjuired, that is, a 
number of coils will have to be taken up or let out from the drums. One method of doing this is 
the following: the end of one rope is let down to tho level of the pit mouth and the excess of tho 
other is measured in the shaft ; the former is then taken off the pulley and wholly wound upon tho 
drum, and the end attached to it, after which the drum is turned until a sufficient length of 
tlie latter has been removed to equal the excess of length in the shaft. The fli-st having then been 
replaced upon the pulley, the two ends will arrive simultaneous at the points required. If one of 
tho two ropes requires to be lengthened, these operations will, of course, have to be reversed. By 
reason, however, of the great weight of tho rope, its removal from the pulley offers coiisidemblo 
difficulties; to escape these difficulties, where two drums are used, another method has been 
adopted, which consists in providing an arrangement by means of which one of the drums may be 
made loose. With this arrangement, the relative lengths of the ropes may be readily adjusted. 

The position of the drums is a matter of imjwrtance. Relatively to the engine, they may bo 
placed with their axes in the horizontal plane passing througli the piston rod, or they may be placed 
above the cylinders with their axes in the vertical plane passing through the piston rod. Relatively 
to the pulleys, the level of the drums should be so adjusted that tlie inclined portion of the rope 
shall not make a very acute angle with the vertical portion ; hence the higher the pulleys, tuo 
greater should be the interval between the drums and the pit mouth. Too groat a distance is, how- 
ever, objectionable, by reason of the sagging and swaying of the rope. The best arrangement, 
where it can be adopted without difficulty, consists in erecting the drums at a higher level than tho 
pit mouth. This is one of the advantages obtained by placing the drums over the steam cylinders. 
All essential condition to bo observed is to place tho drum and its corresponding pulley in tho 
same vertical plane, and strictly perpendicular to their axes of rotation. A slight irregularity in 
thirf respect, by forcing the rope to deviate from one side to the other, gives rise to considerablo 
lateral friction, which toncls to rapidly destroy the rope. 

The means of regulating tho load comprise the counterweight and tho conical drum. Tho 
reflating effect of the conical drum is more or less fully obtained, when a flat rope is used, by 
coiling the rope upon itself, to which the virtual diameter of the drum is made to vary. 

The counterweight usually consists of a number of heavy iron links, suspended in a pit or well 
from 30 to 50 yards deep. To these links is attached a rope, which is fixed to the drum shaft. The 
length of the balance chain is equal to the depth of the pit in which it han^, and it is connected to 
the drum shaft in such a manner, relatively to its length, that when the drawing ropes are at the 
starting point, t^it is, when one cage is at surface and the other at the bottom of the shaft, 
its whole length is hanging in the pit. The rope by which it is wound up is also arranged so that 
the whole of the balance i^in may rest upon the bottom of the pit when tho ascending and the 
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dosconiling cages arrive at the same point in the shaft. Tiiis rope is made to pass over the drum 
shaft in a direction contrary to that of the drawing rope which it is intended to counterbalance. At 
the moment of starting the engine, tlie whole of the links are suspended, and these, by their great 
weight, hold the drawing rope in equilibrium. As the latter ascends and is diminished in weight, 
both by reason of the reduction going on in its own length, and of the increase taking place, at the 
same time, in that of the descending rope, the links are being deposited at the bottom of the pit, 
and the whole of the links will be resting upon the bottom whon the cages meet in the shaft, at 
which moment, the ascending and descending ropes balance each other. From the time when the 
cages pass each other, the weight of tho descending rope preponderates, and this preponderance 
goes on increasing until the bottom of tho shaft is reached. But when tho descending cage passes 
the ascending one, the counterbalance chain is again being wound up, this time in the contrary 
direction, and as it is raised link by link, its weight counteracts the preponderating weiglii of the 
descending rope. This system of counterbalancing, if it does not give perfect uniformity, solves 
tho problem of regulating tho load with sufficient completeness for practical purposes. The weight 
of tho balance links must, of course, be proportioned to that of the rope, account being taken in tho 
calculation of the diameter of the pulley (jr drum upon which it is wound. This diameter is relat^ 
to tho depth of the pit or well in which the chain*hang8. The pit is generally situate on the side 
of the drum farthest from the shaft. Sometimes, instead of the chain, a heavily loaded tub, or 
truck, is used as a counterweight. In this case, the tub is made to run upon inclined rails. The 
inclination of the road is made to vary so as to be sharp near the upper end and flat at the lower 
end, for the purpose of obtaining a constantly increasing or diminishing resistance. During the 
time of drawing a load, the tub runs twice over the road, first descending and then ascending. 
Thus tho force of traction exerted by tho tub upon the rope to which it is attaclied is greatest at 
the moment of starting, nil at tho end of its course when the cages are at tho same point in the 
shaft, and greatest again whon the cages have reached the landing place. By carefully determin- 
ing the curve required, tho counterbalancing of the rope may be, in this way, very completely 
accomplished, and often more easily, and at a less cost than by means of tlie chain. To determine 
with rigorous accuracy the curvature of tho lino u{k>u which the tub is to run, would require 
the application of the higher mathematics. But in practice, rigorous accuracy is not needed, and 
even if arrived at by calculation, it could not be obbiined upon the ground.- 

The other means of regulating the load by means of a conical drum is not so good an arrange- 
ment as tlie counterweight; but it posse-sses the advantage of less complication. In practice, 
a common size of conical drum is 1(5 ft. at the smaller end and 20 ft. at the other. Large conical 
drums are sometimes provided with a sjiiral channel for tho reception of the rope, the object being 
to prevent the rope from slipping. 

In considering the ventilation of a coal mine, it must be remembered that the efficient ventilation 
of any space to ho occupied by human beings consists in tho regular supply of so much fresh air 
that the impurities occasioned by the several sources may never exist in proportions injurious to 
health. The subject might be considtjrcd in detail under tho following divisions ; Fresh air, its 
composition and properties ; the impurities g(!ncrati‘d in mines, and their probable amount ; tlie 
proportion in which these impurities may be allowed to exist in any space occupied by human 
iMjings ; tho quantity of fresh air that must bo supplied to mines, and tlie best method of intro- 
ducing it artificially, when natural or unaided ventilation cannot be relied upon. 

Pure air consists, approximately, of 23 per cent, of oxygon and 77 per cent, nitrogen, weight for 
weight, or 21 per cent, of oxygen and 79 per cent, of nitrogen, comparative volumes. In addition, 
the air always contains carbonic acid ; the quantity is very small, for Angus Smith states that on 
the hills of Sc(dland the proportion was found to be 3*3 in 10,000 parts; in the open parts of 
Loudon 3 in 10,000, and in Loudon streets 3*8 in 10,000. Fresh air may be practically considered 
to contain 3 J parts of carbonic acid in 10,000 parts, and to be at an average temperature of GO'^ F., at 
which tenqxTature the weight of a cubic foot of air is 0*0705 lb. The specific gravity of air 
licing 1 , that of oxygon is 1*1, nitrogen 0 • 97, carbonic acid 1 * 52. Carbonic acid consists of G parts by 
weight of carbon and 16 parts by weight of oxygen ; the volume is the same as that of oxygen ; this 
gas is tlierefore heavier than oxygen. In mines it appears in much larger proportions as choke- 
damp. In strata containing largo quantities of hydrogen proto-carbide, as fire-damp, this finds its 
way into the atmosphere. Although tho only impurity in air is not carbonic acid, Angus Smith 
considers that, as a rule, the most convenient chomioal tost is for the presence and quantity of this 
gas, and that, if enough fresh air be introduced to keep the proportion of carlxmic acid at a certain 
point, it will be sufficient to render tlie ventilation effective. The following table gives comparison 
of the pro}x>rtioiis of carbonic acid generally present in the atmosphere ; — 

Parts by Volume of 
Carbonic Acid in 

10,000 parts of Air. 


Minos, largest amount 273*0 

„ average of 339 trials 78*5 

Worst parts of theatres 321*0 

Close buildings, average 16*0 

Streets of Manchester during fog .. .. .. .. 6*8 


Nassc has tabulated the results of daily observation, taken in the Gerhard Prinz Wilhelm mino, 
near Saarhruck, extending over a })eriod of twelve months. The observations were made .imme- 
diately ill front of a series of stoppings which closed off some workings. Tho gas was registered as 
wcjak, if merely sufficient to catch fire in a lamp held up in the cutting, in the roof at the face of tho 
stopping ; very strong, if it was hanging under the bars of tho timbering in tho heading leading up 
to the stoppings, and entirely filling up tho cutting. During tho year, gas was found on twenty-six, 
^iid in tlic aggregate on one hundred and fifty-one days ; four times the gas remained for one day 
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only ; on tho other twenty-two oooasions it lasted for several days, and in one instance for a whole 
month. The gras was registered as weak sixteen times, and very strong only thrice, the remaining 
^gistrations Mng marked average. Oompariog the mean yearly pressure with the barometer read- 
ings on the hrst days of the twenty-six periods, tho average pressure during the existence of gas, 
and the lowest readings during each period, it is shown, respectively ; — That on nine of the first 
days the barometer stood above, and on seventeen days below, the mean yearly pressure. That 
the average pressure during the separate periods was seven times higher, and nineteen times 
lower, than the mean yearly pressure. That even the lowest readings during these periods were 
twice, 0*12 in. and 0*14 in., higher than the main yearly pressure. It is thus evident that none of 
the methods of comparison account satisfactorily for the emuenoo of gas in coal mines, although the 
observations clearly demonstrate that a diminution in pressure favours it ; in fact, in every case, 
gas only appeared with a falling barometer, and any important continued diminution added to tho 
quantity. On one occasion there was an effluence of gas for two days, when a fall of only 0* 11 in. 
was registered, but in all other cases there had been either immediately before, or commencing simulta- 
neously, a fall of more than one-fifth of an inch ; moreover, with few exceptions, every fall of the mer- 
cury to such extent was coincident with the appearance of gas. These exceptions were within a very 
short period, and it is suggested that they may have been duo to some meteorological infiuenoe at 
that season. Tiie conclusion may therefore be drawn, that wherever there is a continuous diminu- 
tion of pressure to a certain extent, gas may be expected ; and, as there is a greater margin for such 
decrease the higher the mercury stands, it is evident that, practically, a high barometer is more 
dangerous than a low one. 

It results from a further analysis of these observations, that the gas disappeared, on fifteen occa- 
sions out of twenty-two, only when the pressure on the last day was higher than on the first ; and 
that, of the seven exceptions, those which showed the gi'eatest difference in relative pressures, 0 * 14 in., 
0*2G in., and 0 *30 in,, were after exceptional periods of duration of fourteen, ten, anil thirty-one 
days respectively. In tiiese cases it was probable that the extra diffusion of gas caused by the long- 
continued low pressure had weakened the volume of gas behind tho stoppings. 

The actual power required to effect the movement of the air at an efficient speed, so as to roduco 
by artificial ventilation the carbonic acid to a certain proportion, needs consideration, as well as the 
l)e8t means of applying that power. The friction of air varies as the square of tlm velocity multiplied 
by the pressure against the sides of the passage. This pressure being uniform, its total amount 
depends uf>on the total surface, that is. the length multiplied by the perimeter, of tht) cross section. 
The force required to propel air through any passage is therefore equal to tho square of the velocity 
into the total surface, multiplied by the eoeffleient of friction. It is more convenient to state the force 
in pounds a square inch or foot, or as so many inches of water pressure ; the preceding result should 
therefore lie divided by the area of tho cross section. According to G. J. Morrison, the best formula 
for practical purposes of ventilation appears to be ; — 

_ KV*PL 


whore H is the pressure in feet of air of same density as the flowing air ,* L, tho length of pij )0 or 
passage in feet ; P, i>erimeter of cross section in feet ; A, area of pipe or passage in squiu'e foot ; 
V, vekxiity in thousands of feet a minute ; K, coefficient of friction = 0’03. Tliis formula has the 
advantage of being perfectly general, and may be used for any fluid ; H will always l»c the head 
sitited in feet of the flowing fluid. The pressure of 1 ft. of air at 60^ K. is 0*07h5 Ib. a square 
foot. The pressure of 1 in. of water is f)*2 Ib. a square foot. Therefore, if it be desired to reduce 
any result in feet of air to its equivalent in inches of water, the procc^ss is simply to divide by 
0*07G5 

— ^ : 2 ~~ = ^8. For circular passages, taking D for the diameter, the formula becomes 

H = KV» 

These formulae are applicable only to passages whoso diameter is small in proportion to their 
lengtli. For short passages the length should bo increased by about fifty diameters of tho passage. 
Tho formula for circular jmssagos then becomes 


H = K V» X 


and that for irregular shaped passagos 


H = K V* X 


PL -f- 200 A 


Tho value 0*03 is reduced from a formula given by Hawksley for tho ventilation of coal mines 
Atkimwn adopts the same formula, but gives a constant 0 *20881, or nearly ten times that of most 
authorities. Atkinson also gives a table of coefficients depending on tho materiiil of which tho 
passage is composed, from which the following are selected as related to this subject more dircsctly 


Material. 

Galleries of coal mines 
Bheet iron, clean 
Oast iron, old and tarred 
Bheet iron, rusty 
Tinned iron 


Coefficient. 

0*254 

0*0G7 to 0*105 
0*048 
0*027 
0-025 
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Hawksley oonsiden that these disereiMmoies arose from badly oondacted experiments, bnt other 
authorities assign various reasons for the differences, and experiments on the Lime Street tunnel 
appear to confirm the constant 0*03 as correct. 

The simplest plan of ventilating underground passages, which at one time was the only system 
adopted, and is still used in many collieries, is by the furnace. It is, however, only in the case of very 
great depths that this system can compete for economy with mechanical methods, and even then there 
are several disadvantages. The useml effect rarely exceeds 5 per cent, of the actual energy given 
out by the coals. 

Although the subject will be found to be described in detail under its proper heading, it will 
be advisable to briefiy review the principal constructions of mechanical ventilators. One of the first 
was introduced by Btruvd, of Swansea. It consists of a piston, somewliat resembling a gasometer, 
working in a brick chamber, in an annular space filled with water. The air is admitted by and 
oxpelled tlirough flap valves. It is well suited for extracting large quantities of air from collieries 
at pressures of 5 or 6 in. of water ; but the large amoimt of clearance renders it unsuitable whore the 
pressure is sufficient to cause a practical difference in the density of the air. The effective duty 
is stated to vary fVom 40 per cent, of the gross boiler power. There is a pair of ventilators of 
this description at Cwm Avon, South Wales, with pistons 18 ft, diameter and 7 ft. stroke, working 
8 strokes a minute. This machine exhausts from 40,000 to 56,000 cub. ft. of air a minute, with 
a water gauge of 3 in, A slightly smaller ventilator at Bisca Colliery exhausts 43,800 cub. ft. a 
minute, with a water gauge of 2*3 in. 

Exhausters on a somewhat similar principle have been erected at the St. Gothard Tunnel works. 
These are cylinders hung one at each end of a rocking beam, which alternately dip into annular 
tanks of water. The space to be ventilated is connected with these air-cylinders by pipes with inlet 
valves, and the tops of the air-cylinders are furnished with outlet valves. Each time the cylinder 
rises it fills with air from the pit or tunnel, which in falling it expels through the valves on the top. 
These exhausters are therefore single-action pumps, while Struve’s are double-action. They are 
intended to work with a water gauge of 6 in., and their general design renders them suitable for 
much liigher water gauges than Struve'’s. 

Lemielle’s ventilator consists of a vertical drum, with movable leaves or vanes, placed eccentrically 
in a casing, so that the leaves lie close against the drum on one side of the casing, but expand as 
they pass the other, and thus sweep out a certain amount of air at each revolution. There is a 
ventilator of this description at Pago Bank Colliery, Durham, 23 ft. in diameter and 32 ft. high. 
It usually works up to about 60,000 cub. ft. a minute, with a 2 * 6-in. water gauge, but occasionally 
to 97,000 cubic ft. a minute, with a 6* 6-in. water gauge. The useful effect is 36 per cent, of the 
gross boiler power. 

In some collieries the steam jet has been tried with success, as at Lower Moor Colliery, Oldham. 
Tlie apparatus consists of seventy-two vortical pipes 5 ft. long and 7 in. in diameter, fitted to an iron 
frame on the top of the upcast shaft ; into each is inserted a steam pip(} having a nozzle in. in 
diameter, supplied with steam at 38 lb. pressure. Tliis rough apparatus exhausts 16,000 cub, ft. 
a minute. Belative to this subject, in the working of pneumatic tubes between telegraphic offices 
in London, the steam jet has been tested against a ffrst-rato steam engine ,* at 40 lb. pressure the 
engine does moat work, but at 70 lb. pressure, the steam jet is superior. The nozzle, in this instance, 
is carefully constructed, and the vacuum produced is equal to 23 in. of mercury ; but there does not 
appear to be any instance where, with a water gau^o of a few inches, such good results have been 
obtained by a steam jet as by other moans. The jot is not probably suited for exhausting largo 
quantities of air at low pressures. 

The Ijest means of ventilation seems to be the fan. It is used in collieries and mines throughout 
tho world, and is the only machine that has ever been applied to tunnel ventilation, which has great 
resemblance to mine ventilation. 

The fan erected at Lime Street Tunnel is 29 ft. 4 in. in diameter, 7 ft. 6 in. wide, and runs at 
forty-five revolutions a minute ; it is by no means of the most approved construction, but the circum- 
stauces of the C4ise are peculiar ; at times the tunnel ventilates itself through the fau, which is con- 
structed to allow of this, the heat of the boiler fires assisting the natural ventilation. When tho 
fan is at work tho vacuum in the tunnol near the bottom of tho shaft is only equal to 0*14 in. of 
water, but near the fan it is equal to 0 * 54 in. When the air loaves the fan, the pressure is equi- 
valent to 0*19 in. of water above atmospheric pressure, this being tho pressure required to drive tlio 
air through the chimney into the open air. The fan, therefore, seems to exhaust 431,000 cub. ft. a 
minute against a pressure of 0 * 54 -f- 0 * 19 = 0 * 73 in. of water, which represents 50 horse-power. The 
actual indicated horse-power of the engine is 134. When running at forty-four revolutions, but 
doing no work, the indicated horse-power expended in tlic friction of the engine and machinery is 
34. The effective duty of the fan is therefore only 37 per cent, of the gross power, or 50 per cent, 
of tho net jiower. The effective duty of many other fans is, however, much higher. 

The pneumatic despatch tube at the General Post Office is worked by a fan in Holbom, 3080 
yards from Eustoii. This fan is 32 ft. in diameter, and is driven at the rate of 160 revolutions a 
minute. The tube is timnel shaped, 4 ft. wide and 4 ft. 6 in. high. The usual speed of the 
carriage is about 15 miles an hour. As the tube has an area of 16*3 sq. ft., the discharge is 20,000 
cub. ft. of air a minute. Tho fau is arranged to work either for exhausting or compressing tho air. 
At this Biioed tho water gauge is about 10 in., and shows a useful power of 32 horses. 

Tho Metropolitan Railway Company have lately made use of tliis tube for tho purpose of 
ventilating their tunnel. The tube crosses tho tunnel between Gower Street and Portland Road ; 
and valves have have been arranged so that, on each journey of the carriage from Euston to 
Holborn, as soon as the carriage passes the Metropolitan tunnel, the valves open, and the air is 
drawn from tho Metropolitan Railway instead of Euston. But tho tube can only be used when the 
fan is exhausting, and when the carriage is between the Metropolitan Railway and Holbom ; that 
it, about once an hour for five or six minutes. 
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Kumerous ftins have been Introduced. One called the Guibal fiin seems to give satisfaction. 
The effective duty of some of them has been stated to be 83 per cent, of the actual power put into 
the fan shaft ; but generally it is not so high. In these fans the casing is concentric with the fan, 
and quite close to it, with only one opening, the size of which is regulated by a shutter. The 
chimney is funnel-shaped, to allow the velocity of air to be reduced before entering the atmosphere. 
The fact’ that so muoii of the circumference of the fan is useless for discharge would load to the 
supposition that the quantity of air must bo less than that discliargod from other fans of equal siza 
It seems, however, that the useful effect of these fans is high, and tliat for any given dischojTgo and 
water gauge the Guibal fan will work with less coal than many others, and witli as little as miy,^ 
Fig. 918 is of an improved form of Guibal’s fan made by Oliver and Co,, of Chesterfield, which 
is very effective. 

918 . 



There is a fan of this description working at Tlnr.4iMgton Colliery. It is 3d ft. in diameter and 
12 ft. wide, and at 80 revolutions it will discharge 80,000 cub. ft. a minute, under n water gauge f»f 
6*2 in. A somewhat smaller fan, at Gethin Odliory, discharges 153,000 cub. ft. a minute, undt r a 
water gauge of 2*6 in. It is stated by Wilkinson that he obtaiiicd 03,000 cub. ft. of air a minute 
from a Guibal fan, with a similar amount of steam required for 40,000 cub. ft. a minute with 
StruvcTs ventilator. 

On their first introduction fans were Bupjiosed to bo applicable only to low water-gauges; but it 
has lieen found that they will work economically up to high gauges for ventilating pur|)os(‘s. 
There are some at Grand Busson, near Mons, in Belgium, 30 ft. diameter, working at 100 revolu- 
tions a minute with 7 in, water gauge. 

Fans are suitable for the pressure required in all practical cases ; and as they are better atlapted 
for passing largo quantities of air than any other ventilatiDg apparatus they sitould be employed 
in all cases of artificial ventilation, Tho best fans appear to utilize more than 70 per cent, of the 
actual power applied to the fan shaft, or 15 or 20 per cent, less than tlio indicated i>ower of the engine. 

There remains to be considered how tho ventilating current is condiicte<l through tho workings of 
a mine. In its distribution the air-current should have origin near the b{»ttom of tlio downcast 
shaft. The workings of a mine are laid out in districts scjparatcid by barriers, tlu* separation being 
made chiefly for the purposes of ventilation, each district having its own current, conveyed to it 
directly from the downcast shaft. Splitting the air, as the ojwration of breaking up tho air into 
several currents descending the downcast shaft, is termed technically, enables eacii district to be thus 
separately ventilated. Oftio volume of each current, or split, is of course determined by tlio size of 
the working for which it is intended, and by whether the working dips or rises, more air lx;ing 
required, as a rule, to ventilate a rise than a dip, for the reason that accumulation of gas is more likely 
to occur in a rise working. This accumulation may be duo to a reduction of pressure, as well as to 
the lower specific weight of the gas. The ventilating currents seek tho easiest way from tho down- 
cast to tlie upcast shaft, and this may bo either tlio shortest or that having the largest sectional 
area. As the easiest way may not bo that where most air is required, moans have to be provided 
for directing the air in the desired volume into the proper channel, by contracting the air-way 
in those workings requiring less amount of air. The contraction is usually effected by doors, 
termed regulators, placed in the air-way. A wooden frame is built in the air-way, and one-half of 
the way hoarded up; the remaining half of tho way is blocked by a sliding door, which can bo 
ailjastdd to give the proper opening, determined by experiment. Tho d<K>r is then secured in tliis 
position by a lock or otherwiso. With a givoii soctioiial area tho quantity of air possing in a unit 
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of time is dependent npon the velocity ; by reason of the rapid increase of friction with Increase 
of velocity, low velocities are more economical than high, although it has been found that a lower 
velocity than 2 ft. a second is insufficient to remove the gases, whilst a higher velocity than 3 ft. 
will force the gas through the gauze of a Davy lamp. The velocity most suited to ordinary 
conditions is 3 ft. a second. 

In narrow work, one of the objects in driving two levels simultaneously is to obtain a good 
ventilation of tho working places. The air from the downcast shaft will make its way up to the 
heading in sufficient quantities to keep the atmosphere 'at the face cool and pure to a certain 
distance from the entrance. This distance will depend upon the strength of the ventilating current 
and the vitiation. Generally tho distance allowed will be from 30 to 40 yards. Supposing then 
each level to have been driven as far as the ventilating conditions will allow, an air passage will be 
cut through one to the other at that point. This passage is in many localities called a thirl, and 
the operation of driving it, thirling. When tho first thirling has been completed, the direct 
connection between tho shafts is stopped by building a wall of brick or stone in the drift connecting 
them. All stoppings which arc situate by the side of tho main ways should be well and strongly 
built, and further strengthened by a stowing or backing of 5 or 6 yds. of rubbish behind them. 

As the air-way directly connecting tho two shafts is stopped, the whole of the ventilating current 
descending the downcast will pass up tho heading through the tliirl, and down the heading to tho 
upcast shaft. By these means the working faces of both headings will be ventilated by the full '' 
current. The air follows this course during tho subsequent operations of driving, which arc 
continued until the influence of the current has again become insufficient, say through another 40 ytls. 

A second thirling is then made, and a stopjnng put into the first. Tho passage through tho first 
being closed, tho air will pass up to the new thirl, and again efficiently ventilate the working faces. 
These operations of driving and thirling are repeated throughout the length of the levels. When 
spoken of relatively to tho ventilating current, tho level which receives its air directly from tlie down- 
cast shaft and conveys it up to the working places is described os the intake, and that which receives 
its air from the worlang places after pressing through tho intake, and conveys it to the upcast shaft, 
is termed the return. 

If the coal give off much gas, it will be impossible to continue the driving of the level throughout 
a distance of 40 yds. under the influence only of a ventilating current passing through the thirl ; and 
it becomes necessary not only to bring the current up to the working faces at intervals, but to 
compel it to pass constantly in close proximity to those points. As it is undesirable to thirl at very 
frequent intervals in order to meet this requirement, the brattice is resorted to, and is similar to 
that used in the shaft during the process of sinking, but, being of a more temporary character, it may 
bo more lightly constnicted. The use of the brattice is to divide tho level longitudinally into two 
portions, and to accomplish this purpose it is erected vertically. Tho material is chiefly wood ; but 
in numerous cases prepared canvas, called brattice cloth, is substituted for the boarding or cleuding 
of the wooden brattice. To ensure a strong current of air, the joints of tho brattice must be made 
fairly air-tight. As the heading a<lvano(‘H, tho brattice is continued forward until the point for tho 
next thirling is reached, when it is removed, and again applied to the next length. If the soum of 
coal is gassy tliroughout, tho bratticing will have to \xi repeated from thirling to thirling, but 
sometimes tho seam is foul at certain points only, in which case the brattice may be required only 
when passing these points. 

Stoppings, employed to prevent tho air passing by ways in which it is not required, are of 
permanent construction, usually of bricks laid dry, and backed up with rubbish, or of stowage 
closely packed. If the way is to be a travelling road, doors must be used. These are usually 
made of oak, tho joints being rendered air tight by tongueing, and the framing inclined so that 
the door will close by its own weight, Tho door should be hung so as to open in tho direction 
in which tho loaded tubs arc moving. In situations where tho doors Imve great influence upon tho 
direction of the current, double or even treble doors are employed, and auxiliary doors are some- 
times fitted, so as to be readily closed in the event of an explosion jamming open the ordinary 
working doors. Those safety doors are usually made to turn about a horizontal axis fixed in tho 
roof in which they are recessed, and are then, in an explosion, out of tho direct action of the blast. 

When the outgoing has to be conducted across the course of an ingoing current, tho plane of 
tlio former must be depressed below that of the latter. In practice it is the rule to carry tho 
return current over tho intake, by forming in the roof, above a turned arch, a passage for the return 
current, or by means of a stone drift in the roof rock. It is sometimes necessary to conduct the air 
currents through abandoned portions of tho mine, the passages being built with strong pack walls. 
Tho practice is open to tho objection that in consequence of surrounding earth pressure tho air- 
ways g^radually contract. From the fact that air expands under the effect of heat, and that the 
return air is always at a higher temperature than the intake, it would appear desirable that the 
return ways shoula be somewliat larger than tho intake shafts. As at any time in a fiery mine gas 
may escape to tho atmosphere of the workings, it is necessary that the air should be conveyed to 
the working places os directly as possible ; therefore air should never be brought through broken 
workings and goaf, although it may, for purposes of economy, be returned through them. In con- 
veying air through broken works on the post and stall system, tho whole current, instead of being 
direoted down one bord and up tho next, is split up by stoppings placed iu the headways of every 
second or third lx>rd, so that the air may be distributed amongst two or three bords; this system, 
termed coursing the air, diminishes the resistance from friotion by inoreosing the total sectional 
area of tho ways. 

There are many other matters connected with the winning and working of coal mines which 
have not boon referred to here, such as the methods and appliances for lighting, aiTangementa 
for transmitting signals, modes of dealing'-with explosive gases, methods of procedure in serious 
accidents and tho Tike, wliich could not bo adequately tceatod iu the space at disposal for this 
eUticlOf and therefore have been omitted as of minor imi)ortauco to tho general engineer. 
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Books on Coal Mining : — ‘ A Practical Treatise on Coal Mining/ by G. Q. Andr^, P.G.S., 2 vols., 
4to, London, 1876. ‘A Descriptive Treatise on Mining Machinery, Tools, and other Appliances 
used in Mining,’ by Q. G. An^e, P.G.8., 2 vols., 4to, London, 1878. * A Treatise on Mining/ 
by Gallon, translated by 0. Le Neve Foster, vol. i., London, 1877. * Roy on Coal Mining/ New 
York, 1878. 

COKE OVENS. 

The nature and quality of the coke employed has so great an influence upon the manufacture of 
iron, tliat its production forms one of the chief industries in connection with the iron trade. The 
qualities required to form good coke are purity, solidity, and uniformity. Uniformity will depend 
mainly on the dimensions of the ovens employed ; in the bee-hive form of oven the diameter should 
not exceed 11 ft., nor the height be more man 8 ft. 6 in., for it is essential that the dome should be 
low, as the process of burning takes place downwards. The solidity of the coke will depend upon 
the previous crushing of the coal to a uniform size, and upon the height of the charge in tlie ovens; 
it being found that the smaller the coal has been crushed the mure solid will be tlio resulting coke. 
As an example of the advantage arising from crushing the coal previous to coking we quote the 
following. Owing to some peculiar condition of the coals at an English colliery, it was found 
impossible to make a coke of sufliciont density, although nothing was traceable in the analysis, but 
by the application of a disintegrator sueli an improvement was effected that the coke was rendered 
thoroughly marketable. No change could be detected in the analysis, the chemical composition 
being such as to make it impossible to trace any c^iiuse for the previous imperfection. Purity will 
de}>end mainly upon that of the coals employed ; and is obtained, in the case of slack or other 
coal containing large quantities of foreign matter, by careful washing, as described in the article 
Coal Washing. The following analysis of ceke made from washed and i’rom unwashed coal will show 
the advantage obtained by thoroughly washing the coal before coking. In each case the coal was 
coked for forty-eight hours, and in similar ovens. 


Analysis op Coke from Washed and Unwashed Coals. 


Sample of Coke. 

Percentage of 

Fixed Catlkin, 

VolatileMatter. 

Asb. 

Sulphur. 

Water. 

No. 1. Small coal, as delivered) 
from pit / 

71-55 

3*53 

23*21* 

1*15 

0*56 

No. 2. Small coal, moderately) 
washed / 

1 

; 84*37 

2*88 

11*48 

0-71 

0*56 

No. 3, Small coal, thoroughly) 
washed / 

i 91*82 

0*04 

7*45 

0-55 

0*14 


For obtaining as largo a quantity of coke ns is possible from a given quantity of coal, various 
forms and systems of ovens arc employed ; but though for some kinds of coal special ovens and 
systems of working may be of service, it is generally found that the old round form of oven or bee- 
hive is the best ; as from tlie simplicity of its construction, it is the cheaper in first cost and also for 
repairs. With this form of oven the tendency to wear out by the contraction and expansion arising 
from frequent cooling and reheating is also considerably less than with many other forms ; while 
at the same time the concentration of the heat will be greater and there will be a smaller percentage 
of side coke produced. 

The last consideration is economy of production ; for though we may obtain a largo yield of coke 
of an excellent quality, yet if the conditions are such as to necessitate a considerable labour in 
charging the ovens and withdrawing the coke, so much expense may be incurred us to render its 
roauufactnro unprofitable. The ovens should be so arranged us to allow of the charge being intro- 
duced from above dinxst from tbe coal trams ; this not only reduces the amount of manual labour, 
but as tbe charging is performe<l in a much shorter time, cools the ovens less, and consequently the 
lighting up of the new charge is sooner accomplished than under the system of charging through 
the doors. 

The coke ovens at the Brownery Colliery are shown in Figs. 919 to 921 ; Fig. 919 is a plan; 
Fig. 921 a section on the line A ; and Fig. 920 a front view of one of the ovens. These aro con- 

919 . 
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stnicted on the ordinary bee-hive type, with certain modifications in the construction and arrange- 
ment of the flues, for the purpose of utilizing the waste gases for the heating of the boilers B. The 
ovens O are 11 ft. in diameter and 8 ft. high at the crown, the floor having a fall of about 
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d in. from back to front ; they are built in double rows, back to back as usual, but the flues 
V between them are much larger, averaging 6 ft. 6 in. in height by 3 ft. 6 in. in width. To 
each chimney G, of 120 ft. in height, about 100 ovens are connected, an equal number on 
each side, and the flues and boilers B, four in number, are so arranged that the heat can be 
carried past when cleaning or repairs are requisite, the small connecting flues T> being built as 
compact and tight as possible, and thus freeaom from smoke is obtained, owing to the air-tight 

character of the flues, 
Q 2 Q. small amount of air 

i I present in excess not 

! ; cooling the gases below 

^ j a point at which the hy- 

i drocarbons escape im- 

j perfectly burnt. This 

I has been tested by ad- 



mitting a largo quantity of air, when smoke was immediately evident. The saving which has been 
eftected at the above colliery by this arrangement of ovens and boilers is about 300 tons of coal a week, 
wliioli was tlio amount previously consumed for the boilers, while since these improvements were 
introduced not any coal has been used either for the pumping or winding ; the depth of the pit being 
100 fathoms. The yield of coke from the ovens averages about 60 per cent, of the coal, of the 
following approximate composition : — 

Carbon 96*16 per cent. 

Ash .. .. .. 3*84 „ 

The analysis of the coal used being as follows : — 

Oxygen 6*6 per cent. Nitrogen 1*0 per cent. 

Carbon 85*0 Sulphur 0*6 „ 

Hydrogen 4*5 Ash 2*3 „ 

The total theoretical heat w’hich is developed in the process of coking is thus expended ; — 

Heat utilized by boilers 14*0 per cent. 

„ escaping in chimney 15*0 „ 

,, lost in radiation from ovens and flues .. .. 71*0 „ 

From this it will be seen that even with these improved arrangoraents only a very small percent- 
age of the total heat which is generated in the ovens is utilized ; but even under such circumstances 
it is estimated that if the system 

were adopted throughout the whole ®2^* 

of the South Durham District, where nPin ni innnni 

in colliery boilers not more than 61b. 1 Cl I cl 1 cj 

of water is on on average evaporated ] I | I 1 1 

to the 1 lb. of coal, it would efiect a Jt. r*Ur ‘ fiii i jii ’ i rri ‘ Ini ■ t ut - r ff - r* 1 a! in ■■ ftti ~ 

saving of 1,085,869 tons of coal m 

Fig. 922 is an elevation of a ^ llAxiUji.n»nBnUnnUi»hH f#nMriillri»nUnBcJAnfiU _\ 

double row of twenty Gjer’s coke 
ovens, as erected at Lloyd and Co.'s 
Ironworks ; Fig. 923, an elevation 
partly in section on the line a 6, 

Fig. 924; Fig. 924 is a plan, the 
bottom left-hand corner showing 
the top of the ovens, the right-hand 
bottom a section on the line e/, 

Fig 923, ? .nd the upper part of the 
flgure a section on the line c d j and 
Fig. 925 is a cross section on the 
line^ A. These ovens O are 1 1 ft. 6 in. 
long by 6 ft. wide inside, and are 
7 ft. 6 in. high at the centre. Each 
oven has eight vertical flues F oil 
each side, which are placed at such 
a distance apart as to accommodate 
between them .the oorrosponding 
flues of the adjoining ovens ; these vertical flues are 9 in. by 4} in , and the walls which divide them 
the flues of the next oven are 4^ in. thick. The flues F communicate at their upper ends with the 
ovens, and at their lower ends with the horizontal flues A under the floors of the ovens ; the flues 
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A being eadh 13} in. wide by 1 ft. 6 in. high at tbe centre, and ere so arranged tbai the gases have 
to traverse the length of the oven twice Mfore reaching the chimney. The ovens communicate 
separately with the chimney O by two flues 0^ about 12 in. by 15 in. ; and when the ovens are 
arranged in a double row as in Figs. 922 to 925, each chimney serves for two ovens ; the uptakes O' 
being provided with a sliding damper D, Fig. 925. On the top of the division walls, between the 
springing of the arches forming the roofs of the ovens, are placed cast-iron trough girders G, Figs, 
923 and 924, having a series of holes along the bottom so placed, that each of tiiem is immediately 


924 . 



above one of the vertical flues F, and by means of a corresponding hole F' in the brickwork, is in 
communication with it. These holes are generally closed by plugs, and servo either for the admission 
of air to the flues or for the introduction of a bar for cleaning. Arched openings B are also provided 
in the face walls of the oven, through which the horizontal flues A under the floors can be cleaned 
out. The o|)ening in the front of each oven, through which the charge is withdrawn, is 4 ft. wide and 
5 ft. high in the centre, and is furnished with the usual door. The charging is performed through 



openings in the loofe, through tbe charging holes E, 1 ft. 6 in. in diameter, which are closed by 
cast-uon doors H, furnished with plugs I of fireclay to protect them from the heat of the ovens; each 
TOver has four holes formed in it, and a revolving plate to regulate the width of the openings. Between 
the charging holes is a line of rails B. supported by standards B, which are fixed to the trough 
^rders G. In working, the charge of every alternate oven is drawn when the ovens on either si^rf 
It are m full work ; immediately the charge is withdrawn, tbe door is closed, and the oven reoharg^ 
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through the openings B, the top covers H are then replaced, the holes in them being left open for the 
admission of air. The gases rising from the newly-charged coal, mixed with the air admitted at the 
top of the oven, enter the side flues, where, being highly heated by the heat communicated from the 
flues of the adjacent ovens, they inflame and are consumed. If the air admitted ihroiigh the open- 
ings in H is not sufficient to completely consume the gas, a furtlier quantity can be admitted into 
F through tiie holes in G, but it is found prefemble to admit the whole of the supply at the top of 
the ovens. The heat generated in the flues is very intense, these are lined with firebricks ; it is 
also necessary that the ovens should be built upon a foundation which will not be aficcted by heat. 
When charged with coal to a depth of 4 ft., or with from 8 to 9 tons of coal, the ovens can only be 
drawn twice a week, but the coke produced will then bo of the best quality and of groat strength 
and hardness; if, however, they are charged with South Durham coal to a depth of 2 ft. 6 in. or 
3 ft., or with from 5 to 6 tons each, they can be drawn throe times a week, atid the coke, although 
not so fine as when a heavier charge is worked, will still bo excellent. The yield of coke is stated 
to bo from 12 to 15 per cent, greater than from the ordinary round oven. 

At Marquise, France, Appolt’s coke ovens have been erected ; Fig. 926 is a vortical section. 
Fig. 927 a vertical section on the line f c/. Fig. 928 a horizontal section on the line E F, Fig. 926, 



and Fig. 929 a section on the lino C D; Fig. 930 a vertical section on i K, Fig, 920. The block 
of ovens consists of a wall 5 ft. 6 in. thick, and 20 ft. high, enclosing a space 17 tt. 2 in. in length by 
16 ft. 9 in. in width, this space being divided by partition walls into eighteen oblong compaitments 
or shafts a arranged in three rows of six ; each compartment measures 4 ft. 1 in. by 1 ft. 6 in inside 
at the bottom, and 3 ft. 9 in. by 1 ft. 2 in. at a height of 11 ft . ; from this level the side walls are 

929 . 



carried up perpendicularly, whilst the end w^alls are sloiKjd inwards so that each compartment ter- 
minates at a height of 13 ft. 2 in. in an aperture 14 in. square. Owing to the tapering form, spaces 
d are left, which communicate with a by metius of the openings i in the division walls ; the walls of 
the compartments being strengthened by struts. 

The compartments are hiiilt of firebrick, and tbe outer walls, as well as the flues and other parts 
exposed to the heat, are lined with the same material, and on tlie top of the block rails are laid. 
Beneath are three tunnels T separated by walls m; In the crowns are openings corresponding to 
the several compartments above, and closed by the cast-iron doors />, which are constructed as in 
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Figs. 931 to 933 ; these (Iootb allow the ooke to be dieoharged into waggons which ran on the rails 
8, an operation much facilitated by the tapering form of the compartments. The doors p are 
strengthened with cross pieces / a or r. Figs. 931 to 938, and hinged at g, o are cast-iron pirn 3 in, 
in diameter, communicating with the spaces ; other openings o' are also formed at different 
heights in the outer walls for admitting air ; they are fitted with regulating plugs. The products of 
combustion are led off from d by the flues d' and d", which leave at two different levels on each 
side of the oven, and are connected bv the system of flues e". g' arc two wrought-iron cylinders, 
used for drying and heating the washed coals previous to coking. In tlie cylinders g' are the doors w 
by which they are charged, and there is a wheel turning them ; one of the trunnions being hollow, 
to allow of the escape of the steam from the coal during the drying process. 

931 932 . 933 . 

In working, the time allowed for each charge is twenty-four hours, which is stated to be sufficient 
for producing a good hard ooke. Nine compartments are empti^ every twelve hours, the alternate 
compartments being treated simultaneously, with the same object as in Gjer’s arrangement ; the 
gas from the fresh coal passing through the openings t, and being brought into contact with air, 
and with the flame from tlie other compartments, the dopers and o enabling the supply of air 
to be regulated. The main feature of this 
arrangement, as in that just described, is 
the utilization of the heat generated by the 
combustion of what arc ordinarily waste 
gases. The coke is discharged into an iron 
waggon which is lined with thin firebricks, 
and on receiving the charge the waggon is 
hauled out and the coke quenched. The 
door p is then closed, and a scoopful of 
small aslies is emptied into the compart- 
ment from the top ; these ashes lie upon 
the bottom door p, and prevent it and the 
surrounding ironwork from being injured 
by the heat. An iron oorve, having a hopper 
bottom, and containing 24 cwt. of coal, is 
then brought over the compartment, and its 
contents discharged through the hopper ; 
this operation is ^rfonned almost instantly, 
and the top cover K being then put in 
place, and lute<l with a little wet clay, the 
oven is in full work again. The yield of 
coke obtained from these ovens averages 
about 80 per cent, of the weight of coal, or 
about 18 tons of coke a day of twenty-four 
hours from each group of eighteen ovens, 
and this coke is of good quality. 

Figs. 9.34 to 930 are of Eaton’s coke 
ovens ; Fig. 935 being a part elevation of 
the front of the ovens ; and Fig. 936 a sec- 
tion throimh one of the cells A, connect- 
ing flues D and central chimney shaft G. 

Fig. 934 is a quarter plan at the top of 
the block of ovens, and a quarter-sectional 
plan showing tho arrangement of the ovens 
A, and the Hues D C £ and G. Four blocks 
of ovens are arranged around a central chim- 
ney shaft G; the blocks being separated 
from each otlier by division walls K, and 
communicating with the central shaft G 
by a separate connecting flue £. Each 
portion of the block consists of a series of 
ovens A, whose number and dimensions are 
regulated by the size of the entire block. 

These ovens are formed by dwarf walls B, 
varying in height and thickness witli the 
size of the block, and are built of fire- 
bricks, the walls being made to radiate 
outwards from the general flue C, which is connected by another small flue £ with the main 
chimney shaft G, which is divided into divisions corresponding with the number of main divisions 
in the block, as in the plan Fig. 934, so that each s^jction may be worked independently or tho 
whole together. The entire block of ovens is tied and bound together by the wire ropes N. Tho 
^lls A being wider at the outer end than at the end next the general flue, allows the ooke a 
free exit when carbonized, and this is farther assisted by making the bottom of each oven iuoltno 
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towards the outer end at an angle of about and this inclined plane facilitates the descent 
of the coals. Each oven has a separate flue D leading into one of the sections of the ^neral 
flue O, which receives the gas from the cells, whence it is carried off by the small flue E con- 
nected with the central shaft G. The outlets are fitted with casMron doors M, the panels of which 
are filled in with firebrick, the doors being hung to cast-iron posts L built into the walls ; these 
doors being secured when closed by means of flat iron bars O. The general flues O are provided 


93S. 936. 



with openings for the puroose of cleaning and repairs, and these openings are closed by the cast- 
iron covering plates H. When the process of making the coke commences, the coals are thrown 
into the cells through the openings B in the tops, and so soon as carbonization commences, the gas 
which escapes from the coals is forced through the small opening D into the general flue C, and 
becomes mixed with the gas issuing from the other cells, and is finally carried off by the chimney 
G. Every part of the block is closed to the atmosphere, therefore there is no draught, the carboni- 
zation bt ing produced by the concentration of the heat in the oven which is maintained by the 
constant supply of coals. When the gas is expelled, the coke does not waste in the oven, as the 
openings are closed with clay, and as the coke is removed out of the cells it is smothered with 
water, and by this means a very hard and dense coke is produced containing a high percentage of 
carbon, and possessing a brilliant and metallic appearance. 

Goblet's coke ovens, Fi^. 937 to 939, are constructed on the principle of horizontal muffle 
furnaces; the chief object being the consumption of the smoke which is generated during the 
operation of coking, and so to prevent the inconvenience and annoyance arising therefrom to the 
neighbourhood in which the ovens are erected. Fig. 937 is a longitudinal section taken along the 
line a, 6, c. d, «,/, g, A, », j, /, Fig. 938, of a portion of an oven consisting of a series of coking chambers 
constructed and arranged on tins principle ; Fig. 938 is a horizontal section of the same, ti^en along 
the line m, n,o, to ; Fig. 939, half section on 1 and 2, Fig. 937 ; Fig. 939* is a half s^tion on the 
line 3, 4, Fig, 937. A, are openings tlirough which the coal is introduced into the ovens B in order to bo 
carbonized. The incandescent gases which evolve during the process of carbonization are con- 
ducted through a series of apertures O leading from each chamber into lateral flues D, running 
towards the respective ends of the chamber, and communicating by passages E with other lateral 
flues F. From these flues the gases are conducted through apertures G into flues H, arranged 
underneath, and following a circuitous course towards and from the ends of the chamber, which 
flues commuTiioato by means of other apertures I with flues K, formed in the other wall of the 
chamber. The gases then escape through passages N into tlie main flue O, where the ga^s from 
tlie whole of the ovens B unite, and whence they are conducted through flues P and Q into the 
cSdmnoy B, whioh is situated at the extremity of the series of ovons. By means of this arrai^^ent 
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the ovens are heated all round, whilst the gases escaping from the chimney are warm, but never 
in an ignited or incandescent condition, so that no smoko is emitted from^ the ovens during the 
operation of carbonizing, and all inconvenience from that source to the locality in which the ovens 



are situate is obviated. S ore doors consisting of plates of iron fitted with refractory material and 
luted. These doors slide on iron guides, and are operated from above by means of travelling cranes 
running upon rails U laid longitudinally along the top of the oven. The coko is removed by means 
of a crane. 



The Copp^ coke ovens are shown in Figs. 940 to 949. A row consisting of twenty, tliirty, or 
forty ovens, the arrangement of chimneys and boilers at each end of the block being the same ; Fig. 
940 is a vertical longitudinal section ; Fig. 941 a vertical cross section on the line im; Fig. *942 a 
longitudinal section showing the position of the cold air flues I, and their connection with the flues K 
and L, and chimney N ; Fig. 943 is a plan of tlie top of the ovens ; f'ig. 944 a sectional plan on the line 
ab, and Figs. 945 to 948 aro similar sections taken respectively on the lines cd^ef,gh, and ik; aAd 
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Fig. 949 is an enlarged elevation aAd section of two of the ovens. The coal is here ooked in a oom- 
paratively thin sheet or layer between highly heated brick walls ; the ovens O O' are ]^aoed together 
m groups of two, any number of groups being connected to the common chimney. The character- 
istics of the Gopp^ oven are — a small width and an arrangement of channels e^^ially suited for 
poor coals, it having been proved by experience tUat many qualities of coal wnioh are not suffi- 



through a series of openings A, made at the springing of the arch, and circulate in channels B, then 
passing beneath the 8f»le of the adjacent oven, enter by a vertical flue G into F, which flrst passes 
beneath the boilers B, and then leads to the chimney 0. The gases are burnt in the channels by 
two sets of jets of warm air^ one entering the oven at D, and the other entering tlie vertical flues B ; 
the admission of the air is regulated by slide bars H and F. Galleries 1 under the brickwork^ 
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are traversed by cturents of oold air, which cool and preserve the structure. The air enters at K, and 
traverses fbur ordinary brick galleries L ; at the point M in the centre of the block of ovens it 
ascends, entering the flues I in order to reach the chimneys N. To diminish the loss of heat by 
radiation, the tops of the ovens are covered with a bed of clay P, on which bricks are laid. The 
ordinary dimensions of an oven for a coking of twenty-four hours are— length, 30 ft. ; width, 18 in, ; 
height, 4 ft.; for a coking of forty-eight hours the width is 24 in., and the height 5 ft. 7 in. 


946 . 947 . 948 . 



The coal previous to coking is thoroughly crushed, and is introduced into the oven by tho three 
charging holes R : the time occupied in drawing the finished charge and in refilling being only about 
eight minutes. The advantages possessed by this system of coke ovens are, first, rapidity of action. 
The ooel falling into a narrow cliamber which has been raised to an intense heat by the previous 
charge, commences burning on all sides at once, and being very fine, it is in the best condition for 
giving off its gases rapidly. By the arrangement of the flues, and the plan of discharging alternately, 
the cool gases given otf by the oven just filled promptly mingle with those of tho neighbouring oven, 
whicli by this time is giving off its gases at their highest temperature ; the mingling of the gases 
raises tho temperature of the one oven almost immediately to tliat of the other, and thus a very high 
and uniform temperature is maintained. The thin layer of smtill coal burning on all sides at once, 
the volatile gases are rapidly expelled, and the oven is ready to be drawn in one-third of the time 
rcKjiiired by the ordinary ovens. A second result is, that a largely increased yield is secured, being 
not loss than 10 tons of coke for every 100 tons of coal coked. The third* result is, an improved 
quality of coke ; tho coke produt^ed by this system being remarkably hard and dense, and this hard- 
ness is prolxibly in a great measure owing to’ the crushing to which the coals are subjected previous 
to coking. There is also a slight saving of labour by this system. A further advantage claimed for 
these ovens is their adaptability for the utilization of the waste gases for the production of steam; 
no extra expense being required to the ovens themselves for flues and the like, there is only the 
ordinary cost of boilers and chimneys, which can be added to a group of ovens at any time. The 
quantity >f steam produced will vary with the quality of the coal and the system of boiler 
adopted : but from 2 to 4 horse-power an oven can generally be obtained. Those ovens are dis- 
charged by means of a crane ana a ram, which enters at one end of the oven and forces the ooke 
out at the opposite end. 

In Figs. 950 to 952 are shown the coke ovens erected in 1872 at the works of the Sooidt^ de 
TEsp^rance, at Soraing, Belgium ; at which place the manufacture of ooke is conducted on a very 
large scale, all the sm^l coal which is raised bein^ washed and converted into coke, 300 ovens 
being employed for the purpose. The ovens are built in one block of forty-two, the dimensions of 
each oven being — length, 31 ft. 2 in. ; height, 5 ft. 9 in. ; and width, 2 ft. 4} in. Fig. 950 is a longi- 
tudinal section ; Fig. 951 shows an end elevation and a cross section of three ovens ; and Fig. 952 
is a sectional plan on the line ah o<L The burning gases whioh are evolved from the ooal pass 
through the openings A, situated on each side, into the flues B» thence into the main flues O, and 
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from there they pass bjr flues D into the chamber E which opens into the chimney. In the chamber 
E are set six plain cylindrical boilers, 4 ft. 11 in. in diameter, and 46 ft. in lengUi, which are used 
for supplying steam to the pumping and winding engines. Suitable means are provided for shutting 
off the hot gases from any two ooilers, so as to allow of any necessary repairs being effected. The 
heated gases after passing under the boilers G are discharged into a chimney 164 ft. in height, and 
having an internal cross sectional area of 43 sq. ft. The charge is fed into the ovens O from the 
waggons H, by the openings and shoots F, and consists of 7 tons 14 cwt. of small coal, yielding 
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(5 tons 4 cwt. of coke, or about 80 per cent. ; and this coke is clean and hard, and free from sulphur, 
this latter quality being most probably due to the very careful washing which the coal receives 
previous to coking. The time occupiea in coking is forty-eight hours, so that the daily produce of 
each oven is 3 tons 2 cwt., or rather more than 130 tons of coke a day of twenty-four hours for the 
whole bl(X5k of forty -two oveus. The coke is discharged by means of a steam stoker, which traverses, 
on four st!t8 of rails, the whole distance in front of the block, so as to be brought opposite the 
entrance to each oven as required. 
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Galloway’s improved coking ovens are shown in Figs. 953 to 956. Each block of ovens is pro- 
vided with two main common flues running the whole length of the block, and communicating by 
smaller flues and openings with the interior of each of the ovens. One of these flues, called the pis 
fine, Q, is used for collecting the heated gases from those ovens which are in full operation, and to 
discharge it through those ovens which are empty, or which have been newly charged, so as to ex- 
pedite the ignition of the charge, and thus to save time in the process of coking ; the heated gases 
may also be distributed from the main gas flue through heating fines constructed in the partition walls 
between the ovens, and thus assist in maintaining a high and constant temperature throughout the 
whole of the block. 0 is the ordinary chimney flue by which the spent gases are conveyed to the 
chimney. The ovens, illustrated, are in the form of horizontal retorts with arched roofs; but 
this system is equally applicable to the bee-hive or any other form of coke oven. Fig. 953 shows 
four ovens, forming part of a single-row block, one of the ovens being in plan, and the others in 
horizontal section on tho lines 1, 2, 8, Fig. 954, which is a front elevation, and vertical cross- 
seotions on the lines 4, 5, 6, Fig. 953, Fig. 955 is a vertical longitudinal section on the line 7, 
Pigs. 953 and 954 ; and Pig. 956 is a similar section on tlie line 8. The main chimney flue O and 
tho main gas flue G are constructed parallel to and near each other beneath the ovens O, which 
they cross, running along under the entire row of ovens. The gas flue G is nearer the outer ends 
of the ovens, and at each part between the ovens it communicates by a vertical flue a with au 
upper horizontal flue h constructed across the front ends. This upper gas flue h communicates 
with O by two short branch flues c provided with dampers. The chimney flue O has in com- 
munication with it, at the back of each oven O, two vortical flues cl, which communicate with the 
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oven by short branch fines e, also provided with dampers. A number of small horizontal heating 
flues / are formed at each side, which connect the front gas flues a with the chimney flues d at 
the the proportion of gas passing through these flues / being determined by means of 

regulating valves. There ara two sets of air-inlet p^ussa^s provided, both entering from the back 
of the block, the one set g communicating with the interior of the oven O by a series of small 
inlets 4, and supplying the air required for the imperfect combustion taking place in the ovens, the 
amount being determined by a regulating valve at the outer end of tlie passage. The other air- 
inlet passages i communicate with the heating flues / by small inlets, and supply air for the 
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combustion of the gas in those flues. In Fig. 955, where the charge is suppled to be in an 
advanced state of coking, the arrows show the air entering the ovens O by the inlets A ; and the 
gaseous products evolved from the charge, passing by the flues cb a into the main gas fine G ; 
but in Figs. 953, 954, and 956, the arrows indicate the direction of the currents as they are when the 
gases from the flue G are directed through an empty or a freshly-charged oven. The change of 
direction in the currents is brought about by opening the dumpers in which are closed when the 
ciuirents are in the direction of the arrows in Fig, 955. The dampers in c do not require to bo closed, 
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except when drawing the finished charges. In working a set of these coke ovens, the several 
ovens are discharged and recharged alternately in re^lar rotation, the gases from the ovens in 
which the charges are in their more advanced stages being utilized in heating up in succession the 
emptied and freshly-charged ovens. With these arrangements the heating up is effect In very 
much less time than in ordinary ook^ ovens, and al^ with very much less consumption of the 
carbon of the coal ; and where convenient or desirable the consumption of the carbon of the coal 
^at is being coked may be still further reduced, or entirely avoided, by supplementing the gases 
in the main gas flue G with oombustible gas formed apart from the coke ovens. When a chargei 
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in any ovm has been thovongbly ignited, and tiie coking prooess is in full operation, the dampers 
in, or controlling, the branch flues of that oven are set so as to cause the gaseous pr^ucts from it 
to pass into the gas flue G, or partly into the gas flue and partly into the chimney flue G. From 
the ^08 flue G the gases are directed so as to pass through any oven that is empty and about to 
receive a charge, also through any freshly-charged oven, so as to expedite the ignition of the charge 
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therein, and also through the heating flues / in the oven walls. The gases led in this way into 
empty or recently-charged ovens traverse them and pass off thence by e into the flue c, which also 
receives the gases that have passed through the heating fines /. These movements of the gases 
are produced by the chimney draught, or if convenient by gas-exhausting apparatus in con- 
nection with the chimney flue ; the movements being regulated mainly by means of the dampers 
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in connecting the ovens with the chimney fines. Operators soon got skilled in working these 
ovens, and they can then be made to coke very economically. 

COPPER. 

Copper, one of the most used of the commercial metals, has been produced from the earliest 
times oy processes fliat are, to a certain extent, wanting in economy. The introduction of electricity, 
that promised much, has not met with extended practical application in the reduction of copper, 
metallurgi 'ally considered. As far as this agent has been applied in an engineering sense, the use 
will be found described under the head of Electricity. The greatest improvement in the obtaining 
of copper from its ores is due to J. Hollway. 

When metals are abstracted from their ores by fusion, the necessary heat is generally obtained 
by the burning of coal, coke, or other form of carbon. But sulphides are combustible substanoes, 
and can be made to bum in air ; while oxides are bodies that have been already burnt, or enterea 
into combination with oxygen. J. Hollway has shown that metallic sulphides can be utilized as 
aouToes of heat in certain metallurncal operations. 

The most important of mineral Bulphides is pyrites. The predominating constituent in this 
mineral species is bisulphide of iron, with which are frequently associated sulphides of copper and 
arsenic ; silver and gold are usually present in larger or smaller quantities. When pyrites is roasted 
the open air, an increase of temperature takes place in its mass, so that oxidation continues with- 
out the application of external heat. This operation is carried on in Spain and other countries, 
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yrhere vast quantities of oupreous pyrites are exposed in heaps for several months to a slow proooss 
of oombustion, which gradouUy resolves tho sulpiiide of iron into ferric oxide. A similar comoustion 
is effected in the pyrites burners of the sulphuric acid manufacturers, tho solid product of the 
operation being known as burnt ore, an impure peroxide of iron. Sulphuretted ores of copper, lend, 
and zinc, are usually roasted to render them reducible in the furnace, and to make those otlior con- 
stituents which are of little value capable of combining with the duxes used, the requisite heat 
being always obtained by tho combustion of coal or similar materials. 

This process of roasting extends over a considerable space of time, and the heat evolved by the 
oxidation of the sulphides is never very manifest at any period of the operation. The sulphur and 
metals frequently burn to waste, because the utilization of the heat resulting from the burning 
of such fuel has nut been fully considered. If a rapid current of air is forced through molten sul- 
phides, tho maximum temperature of the combustion is attained, because all tho oxygon of tlio air 
driven into the mass is then used for oxidation, and the ojioration is concontratt‘d into the space of 
a few minutes, instead of occupying, in the case of cupreous pyrites, many months. Hollway has 
found that the oxidation of sulphides would produce sufficient boat to render their smelting a self- 
supporting operation, by forcing a current of oxygen from a gas cylinder into tlie molten sulphide, 
contained in a fireclay crucible, with tuyeres. In further experiments, tho sulphide was acted upon 
by a current of air, sand being added during the oxidation. A n^gulus and a slag were obtained. 
The sulphide of iron was made by fusing cupreous iron pyrites in a steel melting-furnace, the fire 
of which was allowed to burn down as soon as oxidation commenced ; when the blast was turned 
on, tho tuyeres were dipped into tho conte nts of the crucible, and the blowing continued for tliirty 
minutes. Although the whole of tho oxygt n was probably consumed, yet the oxidation had not 
procedeed far enough to concentrate the regulus to any extent. About half the iron was removed 
ns ferrous silicate, containing ’ 104 per cent, of copper, and the separation of tho peer regulus from 
the superincumbent slag was very distinct. A further trial was made with the llessemer converter, 
tho ]»Iaut employed consisting of an onUnary cupola, 4 ft. diamc'tor at the tuyert's, and coj)por 5 ft. 
above, having eight tuyeres, four beiiig 3 in. in diameter, and tho remainder 4 in. in diameter. A 
ladle was used for conveying the molten metal to the Bessemer converter. The Bessemer eonvert<jr 
was cajmble of treating 0 tons of crude iron at a time, and was lined as usual with ganuister, and 
supplied with cold blast. 

The engines for supplying tho blast had two cylinders of 42 in. in diameter, and 4 ft. stroke, 
working at about 45 revolutions a minute, at an average pressure of steam in the boilers of 73 lb. 
per sq. in. Tho pyrites w'as put into tho cupola with coke and treated like pig iron. WJien at ('a(*h 
operation the cujwla was tapped, the molten protosulphide was run into a ladle, and tlienee into tho 
convertor. With this plant, protosulphide, containing 3*4 per cent, of eop|)er, yielded after tiftton 
minutes' blow a regulus containing 46 per cent, of copper. The destructive action ujxm the gannister 
lining was gradually mitigated by tlirowmg sand into the convertor. In another oxi)oriment, the 
pyrites used contained 2 to 3 per cent, of oopj^r, 1*5 oz. of silver and 3 grs. of gold a ton ; owing 
to the small quantity of protosulphide employed in each of these experiments, tho blowing was of vc‘ry 
short duration, and over blowing had to be avoided, but in operating with larger quantities of i>roto- 
sulphide there is not the same difficulty. With another blow occupying seventeen minutes, 14 cwt. 
of red sand were added. The main pressure of blast was 20 lb. a sq. in. Tho blown product of tho 
experiment was emptied into ingot moulds, and allowed to cool. When cold it was found to consist 
of three zones, tlie top one being the slag proper, the central zone a mixed product of slag and 
regulus, and tlie last the regulus free from slag. The specific gravity of the regulus was about 4*8, 
and the slag aljout 4*1. The products of the experiment gave ujicn analysis, for the protosulphidol 
sampled as it ran from the cupola, 59*62 jMir cent, of iron, 3*52 per cent, of co]>pcr; the slag, 53 *,3 
per cojiit. of protoxide of iron, peroxide of iron 3 per cent., iron combined with silver 5*79 cent., 
copper combined with silver 0*16; the mixed regulus and slag, iron 5.> per cent., copper 5 per cent., 
silver 10*41 {ler cent., silica 12*70 per cent.; the regulus, iron .57*10 per cent., copper 15*81 per 
cent. Tho temperature of tho gas at the mouth of the converter was 157° C. one minute after the 
blast was turned on, and rose to 703° C. at tho end of fourteen minutes. In some casi's the zones 
were not horizontal, but more or leas conical, us, owing to sudden rotrigeration of the mass, tlie 
denser particles subsided last in the centre portion, which remained fluid longest. The lining 
of tho converter after these blows was found to be not very materially acted upon, and therefore the 
reserved converters were not required. 

Hollway recommends that the form of tho furnace should be a modification of the ordinary blast 
furnace, fitted with a tuyere hearth. Such a furnace, built on pillars, with Ixishes and hearth of 
some substance not rapidly acted upon by the slag formed during tho burning of the* sulphides, 
would, working continuously, treat a large quantity of material. Being built on pillars, the crucible 
hearth and tuyfere bottom could bo replaced when necessary, without disturbing the remainder of 
the structure, and as these would be the only parts in contact with the fused mate'riols, the furnace 
from the boshes upward should not experience much wear and tear. When a gannister lining similar 
to the ordinary Bessemer lining is employed for the boshes and hearth, the corrosive action of the 
protoxide of iron would be noutralizecf and avoided by introducing with the pyrites sufficient sili- 
ceous material to produce a slag containing at least as large a proportion of silica os compared with 
the bases, as the formula 2 B O, SiO,. If, however, a basic lining is employed, tho slag should 
contain less silica, and in no case more than the proportion equivalent to the formula 2 B O, SiO . 
Under such circumstances tho blowing would be continuous, the hot charge coming down to a'fiision 
zone, tlie height of which over the tuyeres would be determined by the amount of air blown in and 
the frequency with which the blown products are withdrawn, varying likewise with the composition 
of the charge. The products would bo withdrawn by tapping, aa with a common blast furnace the 
regulus being run off from a reservoir below the tuyferes, where it would collect, and lieing thus 
unacted upon and undisturbed by the blast, rich regulus, or even metallic copper could be produced. 
By continuing the oxidation, and producing Cu^B, and some metallic copper, the gold and silver 
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would be found with the metallic ccmpor. It ia well known that small quantities of silver and gold 
are far more completely extracted from minerals by smelting, or the treatment of fluid metal or 
metallic regulus, than by any wet process. The fact that by such methods practically the whole 
of these metals present are collected and concentrated, is the fundamental principle of the analytical 
assay, and is proved by the accuracy of determinations made in this manner. A large side flue, at 
the top of the furnace, Fig. 957, would carry off the gases and sublimates after their temperature 
had been reduced in heating the charge, introduced above through a self-closing hopper. Such a 
furnace, 30 or 40 ft. high, with a hearth capacity of 1 cubic metre, would be capable of treating 
annually 50,000 tons of pyrites and a similar quantity of silecious fluxes, working 200 days in the 
year. 

The theory of smelting sulphides with a blast furnace is as follows ; — The operation is started 
by placing the tuyere hea^h in its place, and throwing in hot coke at the top of the furnace. The 
blast is now turned on, and the coke develops a high temperature by its rapid combustion ; the 
ordinary working charge of sulphides and fluxes is now introduced at the top hopper, and as the 
sulphides melt the coke bums away. As soon as a layer of molten sulphide lies over the tuyeres 
the blast is increased, and also the burden of the furnace. The charge above the fusion zone, as it 
descends, is gradually heated, losing much of its sulphur by volatilization before it becomes molten. 
On fusion, a considerable amount of lead sulphide will distil over, accompanied by the remainder 
of the arsenic as sulphide, in the strong current of nitrogen and sulphurous acid. These gases, as 
they pass upward in the furnace, will be greatly reduced in temperature by the volatilization of the 
sulphur and moisture from the crude materials. There is some reason to believe that more than 
half of the sulphur in pyrites is volatilized in the free state by this operation. The sublimed 
oxides, sulphides, and sulphur, would bo collected in the wide chambers with which the side-flue 
is connected. Below in the hearth, the oxygen of the air forced in acts upon the sulphides of iron 
and zinc c.ontained in the charge, and as long as a constant supply of those substances arrives at 
the hearth no other constituents present will be appreciably oxidized. A tap-hole near the top of 
the hearth allows the slag to bo withdrawn. The blowing would be continuous day and night, so 
long as the tuyere hearth lasted ; and the heat from the gases after they leave such a furnace 
could be utilized so as to heat the blast, or to produce steam-power for the blowing engines. The 
produce of about 6 tons of material would be tapped every half Jiour, so that in seven days’ work 
1000 tons of pyrites would be treated. If desired, the products could be ruu direct in suitable 
reverberatory furnaoes, when^ after the regulus had subsided, the slag could bo run off while yet 
in a molten state, and in which the oxidation of the regulus could be completed. It is difficult to 
sec how the charge could bo overblown, but if it were, the product could be worked up again 
by adding it to a subsequent charge of sulphides, introduced at the top. 

The sulphurous acid evolved could be oxidized into sulphuric acid in chambers, or reduced to 
sulphur by sulphuretted hydrogen. The latter deoempositiun might be accomplished by driving 
superheated steam into the furnace where the sulphides are oxidized. The sulpliurous acid could 
also be utilized by Hargreaves’ process, and there are other possible methods of treatment, such as 
dissolving the sulphurous acid in water by spray jets in towers, or by condensing the gas to the 
liquid state. Large quantities of liquid anhydrous sulphurous acid can bo produced, from which 
sulphuric acid, free from arsenic, could be made. The gases, freed from impurities mechanically 
carried over with them, are first cooled and then led into towers, or other suitable vessels, filled 
with charcoal, which will absorb and retain the sulphurous acid, and allow the nitrogen to escape. 
The sulphurous acid is afterwards obtained from the absorbent by exhaustion or heat, and, 
being thus practically free from nitrogen, can more readily bo liquefied by compression than is 
possible in the presence of a large quantity of that gas. The sulphurous acid having been 
extracted, the cliarooul will be ready for another operation, and may thus be used many times in 
succession. 

The following are calculations for working in Spain of 300,000 tons of pyrites, containing not 
less than IJ per cent, of copper. The coal neoossary to produce the cold blast would be about 
20,000 tons, and further 11,000 tons to heat it to 1000° F. One ton of pyrites contains, say 90 per 
cent. Fo S„ and I '5 per cent, of copper. 0*90 FeS,= *66 FeS, of which *60 has to be oxidized. 
Of the remaining *06 Fe S, *03 passes into the slag as iron protosulphide, probably combined, and 
*03 is left with me regulus. Under these circumstanoes the regulus will contain upwards of 30 per 
oeut. of copper. Thus *030 ITeS-f *015 Ou= *045 of regulus, containing *015 Cu, or 33^ per cent. 
0*60 FeS requires *327 O for the reaction, FeS+0,=Fe O-f SO,. Oxygen exists in air in the 
proportion of 23*5 per cent by weight Therefore, 23*5 : 100 : •327 = 1 *391. Or 1*391 tons of air 
arc required a ton of pyrites; 1*6 tons has l)een calculated upon to ensure an excess. Assuming 
that 1*6 tons of air are required a ton of pyrites, tho amount of air to be blown in will be 480,000 
tons a year, and reckoning 50 weeks of 160 hours each as working time, this is equal to 1 ton a 
minute of air required, Tliis equals 29,300 cub. ft., and would be blown by engines whose 
blowing p stons have a collective area of 11,309, with a piston speed of 374 ft. a minute. When 

11 309 X 17 X 374 

blowing 251b. blast, the average pressure is 171b., therefore — - — = 2178 indicated 

horse-power, and adding 10 per cent for the friction of the engine, 2395 indicated horse-power. If 
the engines were of the compound type, so as to ensure economy, they would not use more than 
21b. of coal an hour an indicated horse-power. This equals 2395 x 2 = 47901b. =2*13 tons an 
hour, and in 8000 hours a year, 17,040 lb. This, the very least that should be calculated upon, would 
probably in practice reach 20,000 tons a year. Each indicated horso -power would require, say 
2*2 lb. of water to be evaporated an hour, or for 2395 horse-power 52,690 lb. of water an hour. 
Each square foot of bolier-heating surface would not evaporate more than 5 lb. of water an hour, 
therefore 10,538 square feet of heating surface would be required, and this should be contained in, 
say, 20 boilers of ordinary size. 

Figs. 957 to 959 are of an arrangement of plant for treating 300,000 tons of cupreous pyrites by 
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Holloway's process. Pig. 957 is of a conyerter for treating oupreons pyrites by this process. Pig. 960 
is a section on the line A B, Pig. 958. Pig. 959 is an extended section on the line O D. a a are 
the depositing pits, 6 the furnace, c the buimers, d the sulphur-collecting chambers, e the blowing 
cupolas, / siding and tramway for empty ladles, g hot-blast stoves, h sulphur-depositing chambers, 
i reverberatory furnace heated by gas, j the hot-blast main. 
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It is estimated that by this process 800,000 tons of pyrites, containing not less than IJ per cent, 
copper, 1 oz. 11 dwts. 8grs. silver, and 3 grs. gold a ton of pyrites, should produce 1.5,000 tons of 
regulus, containing 30 per cent, copper, 15 oz. 13 dwts. 8 grs. silver, and 1 dwt. 6 grs. gold, a ton of 
regulus ; but the quantity is somewhat less, because there is a small loss of copper in the slag, 
which, however, should not exceed 10 per cent, of the total copper. 

300,000 tons of pyrites would also produce 72,000 tons of crude sulphur, and there would be 
expended on 310,000 tons of pyrites 18 tons of coals for every 100 tons of pyrites. 

If ordinary sand or siliceous rock is employed, 1 ton will be required to every 3 tons of pyrites. 
In these calculations, however, an extreme case is preferred, that the silica might bo taken from 
the linings of the vessel, and therefore a larger quantity must be calculated upon, as sand cannot 
be used alone for the linings. 150,000 tons are therefore estimated as the quantity required. The 
substances volatilized consist of varying mixtures of orsenious sulpljide, lead sulphide, and oxide 
of zinc, also sulphide of the latter metal. There may be also small quantities of sulphide of 
thallium and oxide of iron, which may, for practical puiposes, be neglected. Sulphur and sulphide 
of arsenic are readily vaporized in a current of non-oxidizing gases at a low red heat, 500® C., while 
sulphide of lead, as also oxide and sulphide of zinc, distil veiy slowly under similar circumstances. 
The greater part of the zinc and lead is found in the first sublimate chambers, while the sulphur 
and arsenious sulphide deposit further on. 300,000 tons of pyrites would also produce, in addition 
to about 72,000 tons of crude sulphur, about 120,000 tons of sulphurous acid. 

The cementation process is at present employed in Spain, by which] about 85 per cent, of the 
copper from pyrites is obtained, alx)ut 65 per cent, by lixiviation in the tanks, and 20 per cent, 
afterwards from the resulting residue, the remaining 15 per cent, of the copper being practically 
lost The sulphur passes into the air as sulphurous acid causing great damage to property, besides 
the entire loss of the sulphur. This process is only employed for treating the poorer ore raised from 
the pyrites mines, and is carried on in their vicinity. It is divided into three principal operations. 
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* oaldnation, lixiviatioii, and preoi|^tation, and was firat introduced at the Bio Tinto mines by 
De Garcias, in 1661. On the whole, it is yery suitable for the treatment of the poorer pyrites ores 
for copper. It does not require muon skill on the part of the labourer, nor does it inyolve the use 



an ample supply of water can be obtained from any source, and, in consequence, the works are often 
stoppf^, whoUy or in part, for seyeral months yearly. When rain Mis it usuaUy comes in large 
quantities. During these periods the drainage from the calcination ground, waste heaps, and 



mineral stock heaps, is highly impregnated with cop^r, and is so great that it cannot be overtaken 
in the precipitating tanks, so that much copper is lost. The fume from the calcination of such 
large quantities of pyrites impregnates the air for miles around, and completely destroys all yegeta* 
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tion within its influenoe. The works at all times are more or less affected* and the suspension of 
some pwt of the process takes place with more or loss frequency. Only the copper in the ore is 
avMlable, the iron, sulphur, gold and silver, which form about 98 per cent, of the mineral, is either 
lost altogether, or, at lea^ rendered useless for any practical purpose. 

The pr^ss being suitable only for the poorer ores, cannot be advantageously applied to richer 
ores, containing fW>m three to four per cent, of copper and upwards. Government and local autho- 
nties ^ averse to the extension of the process to districts where it is not now in use, on account of 
the evils arising foom the fumes and the pollution of streams, so that its use in Spain is restricted 
to situations where it is already established. In Portugal it is prohibited altogether. The works 
are s^ttered over a large area, and the entire method embraces many separate operations, from the 
time the crude ore enters the calcination ground to the exit of the finished product. Daring the whole 
of this time, about twelve months, it is subject to many infiuences which sensibly toll as a loss on the 
narrow margin there is for working upon. Bain, leakage, imperfect calcination, lixiviation, and 
precipitaUon considerably affect the wormng costs, and necessitate on the part of those in charge 
TOntinued watchfulness and vigilance. A slight neglect to either of these details may make all the 
oifferenoe between a profit and a loss on the operation. The apparent simplicity of tlie whole 
^ms to have a wonderfully fascinating influence on such as come in contact with it for the first 
t^e, or who have only an indirect connection with its working. The conditions favourable for 
obtaming the best results ^n by no means be secured at pleasure, by simply adopting certain fixed 
rules and practices; conditions incident to the system prevent the adoption of fixed mechanical 
routine. Anything which would shorten the process, reduce the number of operations, and the area 
^upi^, would be a great stop in advance, and the importance of this subject may bo estimated 
from the fact that one and a half to two million tons of pyritt'S are raised annually by tlie Bio Tinto 
^mpany, the Tharsis Company, and the firm of Mason and Barry. In South America, Cuba, 
Australia, Cape of Good Hope, and in many other places, there are largo quantities of poor coppei 
ore containing 5 per cent, and upwards of copper, which are thrown aside as unsuitable for smelting 
pro^^'^^ cost of fuel, and from which the copper is only partially extracted by the cementation 

piwess the whole of the oxygen of the air, driven into a thin stratum of proto- 
surohide of iron, FeS, is utilized for oxidation. The heat evolved in the rapid oxidation of sulphides 
and without the use of extraneous fuel other than that employed in producing the blast, expels 
awut on^half of the sulphur contained in iron pyrites, FeS.^, in the free state. The remainder of 
the sulphur, excepting that left with the reguius, is principally evolved as sulphurous acid. 
Although only about 20 per cent, of sulphur is oxidized, the proportion of sulphurous acid to 
nitrogen by this process is 14*9 per cent., which is a larger proportion of sulphurous acid than is 
obtained by copper smelters who manufacture sulphuric acid. In the ordinary method of burning 
pyrites, where 45 per cent, of sulphur is oxidized, the ratio of sulphurous acid to nitrogen is only 
5®^** volatile metallic sulphides, such as arsenic sulphide and load sidphide, are 

distilled off with the sulphur. Iron being more oxidizable than copper, silver, gold, nickel, and 
certain other metals, these latter will be all concentrated in the reguius, provided an excess of 
su^hide of iron is always present. The protoxide of iron thus formed is converted into slag by the 
addition of the silica introduced with the pyrites. The more perfect fusion of the slag thus obtained 
prevents loss of copper by entanglement with imperfectly fused material. About 16 to 20 per cent, 
of incombustible material, having a specific heat of *15 to *25, can bo added to a ton of pyrites 
when a cold blast is employed, assuming that 1000° O. is the temperature for the operation. The 
quantity of similar incombustible material can bo increased to from 30 to 34 cwt. to each ton of 
pyrites operated on, when a hot blast of 500° C. is employed, assuming that 1000° 0. is the 
temperature necessary for the operation. 8uch incombustible material may contain larger or 
smaller quantities of valuable metals, as oxides, which will pass into the reguius or be volatilized as 
sulphides, after double decomposition with protesulphide of iron present in the molten bath. Thus, 
silicates of nickel or copper would be converted into sulphide of nickel or copper, and be concen- 
trated in the regmlus. When employing a siliceous lining for the furnace, the corrosive action of 
formed is greatly mitigated, if not practically avoided, by the addition of 
sufficient silica with the charge of pyrites to produce a slag containing more silica than is required 
by the formula 2 (MO) SiO*. M representing an atom of divalent metal. The quantity of coal ueces- 
Mry to produce the blast, calculated on the oxygen requisite for the oxidation which takes place, 
is li cwt. a ton of pyrites. To heat the blast to 500° C. an additional amount of less than 1 cwt. of 
coal a ton of pyrites is sufficient. 

DOCKS. 

For the pui^se of affording access to the immersed parts of vessels, there can bo little doubt 
that, in the early periods of navigation, the vessels were either hauled up on the beach for examina- 
tion, in the absence of rise and lall of tide, or, where there was a considerable rise and fall of tide, 

A 1 placed over a flat beach at high water, and allowed to ground as the tide fell. 

Although the latter plan is easy of application, and useful to a certain extent even for large vessels, 
where there is a considerable rise and fall of tide, the former mode must have been difficult to carry 
out ex^pt with very small vessels, and therefore it is probable that the plan of careening was 
resorted to as soon as vessels were built of any considerable size. 

plan, more properly calM heaving down, was carried out in two ways ; either by bringing 
the ship n^ a quay wall provided with mooring rings and capstan, and attaching ropes to the 
hea<te of the masts, so as to haul the ship over into a horizontal position on the water ; or by 
putting ^e heaving down tackle on board another vessel, so that the operation could be performed 
independently of the land. This second plan had the advantage of being also independent of the 
rise and fall of the tide, which in the other method of course affected the position of the ship under 
repair. 

The plan of careening seems to have been extensively practised in the naval arsenals of France 
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at an early date. Whether done by tackle ftom the land or from a yessel afloat, the operation was 
of course aided by the removal of the ballast and heavy weights, so as to lighten the ship. By 
the mere shifting of the weights, and without the assistance of tackle, a large amount of the ship^s 
surface could be exposed ; but this plan was of necessity attended with considerable danger of 
foundering, as exempMed in the fate of the *Boyal George,’ which foundered at Spithead in 
August 1782, with upwards of 600 persons oh board, whilst being careened. Careening is also stated 
to have been the cause of permanent distortion in the shape of vessels, from the exposed side being 
strained to an unnatural degree of convexity prior to the driving in of the caulking, which then 
kept the vessel to the distorted figure it had assumed. 

The next mode is the ordinary graving dry dock, which even at the present day is the plan most 
commonly employed in Europe, and will probably continue to be preferred in places where there is 
a large rise and fall of tide, and where the ground is suitable for excavation. In many parts of 
the world the rise and fall of the tide are sufficient to admit of a very large vessel being drawn into 
a dock at high water, so as to be brought over the keel blocks, on which it then settles down as the 
tide recedes, and at low water the dock is left dry and the vessel exposed for repairs ; the sluices 
being then closed exclude tlie water, so that the succeeding tides cause no interruption to the work. 
But in situations like the shores of the Mediterranean and in other places 'where the tide is but 
small, the water has to bo got out of the dock by pumping, which before the days of steam power 
was found both an expensive and a tedious process, causing gpreat delay before the vessel could be 
reached even for slight repairs or merely for inspection. To make the operation more expeditious, 
large chambers have in some instances been provided, below the level of the dock, sufficiently 
capacious to receive from the dock the whole or the greater part of the water contained in it, which 
could afterwards be pumped out of them at leisure. This plan gave tlie advantage of speed in 
emptying the dock, but it added largely to the first cost, and moreover caused the labour of pump- 
ing to be increased, owing to the greater depth from which the water had to be drawn ; nevertlieless 
these chatribers were in use at Toulon and also at Portsmouth, notwithstanding that at the latter 
port there is a rise and fall of about 10 ft. at ordinary spring tides. 

Where there was a lofty shore and a supply of water from a high level, it hns several times been 
proposed, anil amongst others by Belidor, to make dry docks as shown in Fig. 961, where A repre- 
sents the ordinary sea level, and B a low-level dock opening into a basin in connection with the sea, 
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and having its sides C as much above the sea level as would equal the draft of the largest ship to bo 
di eked. D is an upper dock, having the top of its sides level with C, and its floor a little above the sea 
level A. If a ship be floated into the lower dock B and the gates be then shut, and if water from a 
high level E be allowed to flow into B and D, the water will continue to rise and the ship will bo 
lifted until its keel is high enough to pass over the blocks on the floor of the upper dock D, when it 
can be hauled into that dock ana the sluice of the lower dock B opened so as to allow the water to 
escape into the sea, leaving the ship securely berthed in the raised dock. 

in some few favourable situations graving docks are comparatively simple to construct and main- 
tain, namely, in such situations as Birkenhead, where the docks are hewn out of the solid rock, 
which while it is sufficiently hard and homogeneous to support the heavy weights, is sufficiently 
soft to be readily worked. In these oases there are none of tne dangers to be apprehended of settle- 
ment or of blowing up the bottom, that exist where the dock is built in an excavation made in the 
earth, which is frequently of an extremely treacherous character at river sides. As regards the 
mode of closing the entrance to dry dooks, this has been effected either by gates to open sideways 
like iaoae of a lock, or to fall upon the bed of the river, or by caissons. The latter, now tliat the 
introduction of iron for ship-building purposes has admitted of their being made of that material, 
arc almost universally adopted for large docks, and have the advantage of affording the means of 
retaining water inside the dock as well as of keeping it out, which is of considerable importance for 
allowing time enough to adjust the ship properly before it settles down on the keel blocks. Among 
tke largest graving docks may be mentioned the double dock at Brest, 721 ft. long and 92 ft. wide, 
with 35 ft. depth of water over the sill ; and the double dock at Portsmouth, which is 636 ft. long, 
88 ft. wide, and 27 ft. deep over the sill ; and one of the largest single docks is that at Devonport, 
which is 415 ft. long, 73 ft. wide, and 82 ft. deep over tlie sill. 

The hauling up of ships appears to have been practised from a very early period in the Venetian 
arsenals, aud also at Toulon in Franco, where it was applied in 1818 to a large vessel ; but the ships 
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seem to have been only brought oyer an ordinary building slip* and then hauled up on the ways, 
being steadied by a sort of sliding cradle. 

A special construction of carriage for this purpose was invented in 1818 by Morton of Leith, 
Figs. 962, 963. An inclined dip-way A is formed on a slope of about one in twenty, and provided 
wiUi rails on which travels the wheeled carriage B, the railway extended sufficiently below the water 
to admit of the shm being floated over the carriage. By then hauling up the carriage by the chains 
and capstan gear C, the diip, being attached to we chain, is drawn up out of the water and above 
the influence of the highest tide, and is blocked up upon the floor of the slip from heeling over 
while in the act of being hauled up; the carriage is provided with bilge blocks D sliding on 
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timbers transverse to the slip. As the ship settles down on the keel blocks and before she is 
removed from the water, these bilge blocks D are hauled in until they support the bilges, the haul- 
ing being done by ropes led up to the deck of the ship. This appears to have been the first use of 
Moper bilge-block shores which could be allied while the vessel was still afloat; and F. J. 
Bramwell states in his papers, ^ Trans. Ins. M. £., 1861,’ from which we have taken much|of the 
information in this article, that such a mode of sustaining vessels at the bilges before the water 
support is taken away is of the greatest utility, on account of its importance in preventing undue 
straining or risk of heeling over. In ordinary graving docks, it is true, bilge shores are used ; 
but they are not applied until the water has been removed from the docl^ and therefore not until 
after the ship has b^n subjected to the strains arising from the weight of her contents without her 
natural water support. 

Morton’s slips were at first intended only for small vessels, but they have been constructed for 
ships of 2000 to 3000 tons burden. With small vessels little difficulty was experienced in building 
the slips, especially where there was a considerable rise and fall of tide, because the lower part of 
the slip could be constructed at low water ; but when the longer modern vessels were required to be 
taken up, the length of the slipway below the water became very great, as a slope of one in twenty 
requires the length of slip below water to be twenty times the draft of the vessel, merely to reach her 
stem, and the slip must then bo carried still farther to extend under the length of the vessel. As 
this |)ortion had to be constructed by the aid of divers, and its execution was attended with serious 
difficulty, it has been proposed to shorten the slip in the three ways combined in Fig. 964. The first 
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plan is to make the slip of a curved form, giving a steeper slope to the upper portions of the slip, so 
that the length below the water line is not so great as if the slope had o^n continued uniform up 
from the bottom end ; the second mode, intended for places where there is a rise and fall of the tide, 
is to enclose the upper part of the slip within watdr-tight walls and to employ gates for shutting 
out the water, and the third plan is a telescopic construction of the cradle on which the ship & 
lifted. 

In Fig. 964 the ship is partially raised, and with all the lengths of the telescopic cradle fhlly 
drawn out. A A represents the surface of the slip made to a curve ; £ the gates, placed just bdow 
where the vessel will be when fully hauled up ; B the telescopic cradle, composed of lengths 
attached to each other by rods F, so that when it is lowered it may rest at the bottom of the slip 
collapsed to about one-half its full length. As soon as the stem of the vessel takes its bearing on 
the first section of the cradle and the hauling commences, this first section is drawn out from the 
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second to the fhll extent of its coupling rods, and the second is then drawn out from the third, and 
so on ; the result being that the Tessel is securely taken up on a cradle requiring no greater length 
of slipway below the imip than half of the length of the ship. By these yarious contrivances the 
length of the slip has been considerably shortened from what it would haye been if constructed on 
the ori^nal system unaltered ; but as regards the dock-gates and the water-tight side walls, it may 
not unmirly be said that their use is inconsistent with the employment of a simple slip, nor indeed 
could they be resorted to in a tideless sea, without the expense of pumping app^tus to empty the 
upper part of the slip. 

The application of this slip to yessels of a larger class rendered some improyement necessary in 
the simple hauling chain that had sufficed for ships of 200 tons. A set of traction rods was first 
substituted for the body of the chain, and was hauled in by a short fiat-linked chain working over a 
pitched wheel driven by gearing. The end of this fiat chain was first attached to the foremost rod, 
and then hauled in until the second rod was brought up to the place of the first, when the fiat chain 
was overhauled and made fast to the second rod ; and this operation was repeated with the succes- 
sive traction rods until the ship was fully drawn up. A further improvement consisted in making 
the fiat-linked chain endless, so as to avoid the necessity of overhauling it. For some time past, how- 
ever, the larger slips that have been erected have been worked by the direct application of hydraulic 
rams to the ends of the traction rods ; and among other plans double presses nave been employed, 
made to work alternately, so that the hauling up might he nearly continuous. 

An important adjunct to the slip is an arrangement of transverse lines of rails in the building 
yard, at the upper end of the slip, so that, by the use of carriages, the vessels hauled up can be shifted 
sideways, thereny enabling a single slip to serve for hauling up several vessels in succession, so that 
their repairs may be going on at the same time. 

The simple plan already mentioned of placing a ship on a beach at high water, that it maybe 
left dry at the ebb, is still in use where tliere is a considerable rise and fall of tide ; and to enable it 
to bo carried out without risk of unequal support to the ship, a regular open framing of beams is made 
on the beach, called a gridiron, by means of which vessels can be blocked up, and properly examined 
and repaired at low water. There is the objection, of course, that at the rise of each tide the work 
has to be suspended ; but nevertheless the system is so simple and inexpensive, and the vessels are 
so readily got off and on, that it continues to be employed. 

In the plans previously referred to for lifting vessels out of the water, the vessels have been 
hauled up on an incline ; and in the class of Direct Lifts, the earliest is that of Alexander Mitchell, 
who in 1833 proposed to raise vessels out of the water by the means in Fig. 965. Two parallel rows 
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of piling A A are placed sufficiently wide apart to admit the vessel between them, and B B repre- 
sents a permanently buoyant fioor, made of light materials or of caissons. On the ebb of the tide 
this fioor sinks between the piles, and at low water pins C C are fixed in the piles above the floor- 
ing. When the tide next rises the floor is held down by the pins, and at high water the ipssel is 
brought over the floor and allowed to settle down on it, being maintained in an upright position by 
shores from the piles. At the next ebb the ship is duly propped up by bilge shores from the floor ; 
and the side shores being then removed and the holding down pins withdrawn, the flooring is lifted 
by the next rising of the tide, taking up the ship with it, which rises and falls with the buoyant 
flooring at each tide until the repair is oomplet^ when the flooring is again hold down for the 
vessel to be floated off at the next nigh tide. This plan is evidently not suitable for cases requiring 
rapid access, as it needs at least three low and three high tides for enabling a vessel to be got on 
and off. 

In 1827 a screw lift was constructed in America for raising vessels independent of the tide, 
Fig. 966. It consisted of a platform A on which the vessel was to be lifted, the ends B of the trans- 
verse timbers of the platform being steadied by two parallel rows of piles C 0, placed far enough 
apart to admit the vessel between them. The longitudinal timbers which connected the heads of 
the piles carried a number of vertical screws, as many as forty-six having been used in one instance, 
the lower ends of which were connected to the transverse timbers of the platform, so as to raise the 
vessel out of the water. Since 1836, however, this lift has been worked by means oi hydraulic 

S resBcs. Fig. 967 is of the arrangement at work at New York in 1853. Chains, shown by the 
ot^ lines, are attached to the ends of the transverse bearers B B of the platform, and pass over 
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pulleys to the long traction bars D, the land ends of which are connected to the hydraulic presses E 
tor lifting the platform with the Hhip upon it. 

In 1842» an improvement U| on the screw lifting dock was proposed by Bobert Mallet, Figs. 968, 



draw I over it, tl:e chains are then hauled in, so as to pull the slings horizontally, thereby raising 
the framing until the ship is lifted out of the water. This arrangement has the advantage of 
giving a nearly uniform stniin on the chains and machinery throughout 
the lifting of the vessel, inasmuch as at the oommencemont, when the 
supports are nearly horizontal and carry but little of the weight, the slings 
are vertical and the weight of the ship is almost entirely carried by the 
water ; while by the time the ship has lost the support of the water and the 
slings have become inclined, tlio supports have assumed a position more 
nearly upright, and therefore, although the whole weight of the ship has 
now to be borne by the lift, the proportionate strain coming on the chains 
is but small. 

In the lift desired by Sontt, Fig. 970, the ends B B of the cross 
timbers or the platform A, were attached to slings depending from the 
erossheods of a number of vertical hydraulic presses C C, the stroke of the presses being equal to 
the lift of the vessel. It was intended either to repair the vessel on the platform, or to move ijb off 
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on niilwnys either endways or sideways, so as to make one lift answer for the simultaneons repair 
of several vessels. 

The ship lift of Edwin Clark, at the Victoria Docks, London, has already been described at 
p. 1265 of this Dictionary. 

It will be observed that in docking a ship by this process, the whole weight of the pontoon has 
to be lifted ; that the rfxip has to be raised above the surface of the water to a height equal to the 





depth of the pontoon ; and that the depth of water required over the top of the hydraulic lift 
girders is at least the depth of the pontoon, in addition to the draught of the ship, with a small 
allowance for clearance. 

In consequence of the increased weight, length, and draught of ships at the present day, it 
bccnmo^necessary to modify to some extent Clark’s system of docking, so as to adapt more fully the 
appliances hitherto in use to present requirements in these three principal respects. To attain this 
object the floating dock, Figs. 971 and 972, was constructed by D. Halpin, assisted by Charles 
El win, and to tlie latter gentleman’s paper in the * Trans. Inst. M. E.’ we are indebted for the 
following particulars of this work. 

The floating dock Figs. 971 and 972 consists of two longitudinal box girders, forming the side 
walls of the dock, and connected together by eighty cross girders, the flanges of those being con- 



nected by plates to form the bottom skin. One end, called the forward end of the dock, is closed 
in permanently to the level of tlie top of the side girders ; the other or after end is provided with 
a pair of wrought-iron hinged gates, of the same height, to allow ships to pass in or out. In the 
centre line of the dock, and betw('eu the cross girders, are short girders running longitudinally, and 
of the same depth us the cross girders. On the coiitro line of the dock, and on the top flange of each 



cross girder, is placed a timber keel block ; and on the tops of the cross girders, at intervals as 
required, are placed timber bearers for carrying the bilge blocks. Those last are mounted on sliding 
oarriagcH. The box girders arc divided into compartments, those in the centre of the dock being 
pojipianout air chambers ; while the end compartments, which aro flllod when the dock is submerged. 
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axe used, when xeqnufed, aa watex-ballaatehambera, the amount of water retained in each chamber 
being regulated by a 6-in. sluice vidve worked from the top. In compartments of the side-bor 
girders, at the forward or dosed end of the dock, two engines with cenmfugal pumps are placed, 
one on each side, for pumping the water from the interior of the dock. The suction pipes from these 
pumps are of wrought iron, and are carried along inside the box girders as far as the centre of the 
dock, where they are brought out with cast-iron bends and bell mouths, extending down between 
the cross girders. There are no boilers on the do(^, but the steam for the engines is conveyed 
from the boilers of the hydraulic-lift pumping engine by copper pipes as far as the timber platform, 
and then by a flexible steam hose, or swivel-jointed copper pipe, to copper pipes flxed on the dock 
and communicating with the engines. Entrance to the chambers where these engines and pumps 
are placed is effected by means of a wrought-iron trunk, the top of which is high enough to be 
above the water level when the dock is submerged. For letting the water into the interior of the 
dock there are two sluice valves of 30 in. diameter, placed in the box girders about the centre of the 
length of the dock, one on each side. These sluice valves are worked by vertical rods passing 
through the tops of the box girders. On the top of the box girders are placed at intervals several 
pairs of wrought-iron bollards, riveted to the top flange, for the purposes of mooring the dock or 
warping it across the basin. Ladders for passing down from the top flanges of the box-girders to 
the interior of the dock are provided at intervals, and those which are liable to be damaged by a 
ship passing into or out of the dock, are made to detach and fall back close to the box girders. For 
the purpose of lifting propellers or other heavy weights over the box ^rder, in order to remove 
them to the shops, a 20-ton crane is provided, and flxed in the port-side box girder near to the 
after end. 


The general dimensions of the dock are as follows ; — 


Displacement width of dock 

Clear inside „ „ 

Length of cross g^ers 

Depth „ „ 

Distance apart „ 

Depth from top of keel blocks to under side of bearers beneath dock .. 
Length over all on centre line 

Len^h inside „ „ 


Length of mam or side box girders 
Depth „ ,, ,y 

Width „ „ „ 

Width of dock over all 


Ft. In. 

58 10 

47 6 

48 2 
2 6 

5 0 
3 8 

409 6 
406 0 
400 0 
15 0 

6 0 

59 6 



The process by which ships are lifted on the dock is a combination of the hydraulic lift and of 
the floating dock, and is as follows, Figs. 971, 972 ; — The dock having been brought in between 
the columns of the hydraulic lift, and fixed accurately in the required position, the lift girders 
are raised by the rams till they take sufficient bearing on the dock to prevent it from shifting. The 
two 30-in. sluice valves are opened, and water flows into the dock till it is level inside and out. Tlie 
gates are then partly opened, and, the lift girders being gradually lowered, the dock descends till the 
water level is nearly up to the tope of the side girders, when the gates are opened right back, and 
the dock sunk either to the bottom of the lift pit, or low enough to give the required depth of water 
over the keel blocks. The ship to be docked is brought in over the dock, and the gates are closed. 
The dock is raised by the hydraulic lift till the keel blocks touch the ship, and raise it 6 to 12 in. ; 
the bilge blocks are then arawn in by chains, and the lifting is continued till the tops of the 
side girders, ^tes, and closed end are about 12 in. out of the water. After this the gates are shut 
tight, the 30-in. sluice valves are closed, the steam connection is made with the pumping engines, 
and the docking or raising of the ship is completed 
by pumping the water from the interior of the 
dock, the hydraulic lift girders merely following 
up the dock, and keeping it in control. When the 
operation of pumping has been completed, the steam 
hose, or copper pipe, is disconnected, the hydraulic 
lift girders are lowered to the bottom, and the dock, 
with its ship upon it, is warped across the basin to 
its berth in the deepened bay B, Fig, 973. When 
all repairs or painting required to be done to the 
ship are completed, the dock is warped back 
again to the lift, and carefully fixed in position 
over the lift girders. These are then raised till 
they take a small portion of the weight of the 
dock and ship. The sluice valves are opened, and 
the water allowed to flow into the dock, which is 
lowered as it fills. When the water outside is 
nearly to the tops of the side girders, the lowering 

is stopped to allow the water inside to rise to the same level as outside. The gates are then 
opene^ and the dock is further lowered till it is clear of the ship which is then hauled out into the 
Victoria Docks. The doclang and undocking of the ship, having now been completed, the dock is 
raised on the lift girders, the water flowing out from the gates and sluice valves. When sufficient 
water has been drained out, the sluice valves are shut and the gates closed; and the lift girders 
being then lowered, the dock is left afloat ready to be prepared for another riiip, or to be removed 
to its berth so as to leave the lift free ibr other operations. 
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The floating dock as thus deioribed, meets its three principal requirements in the Ibllowing 
manner ; — ^It enables the hydraulic lift to raise ships of increased weight, by supplemeuting it with 
the buoyancy caused by pumping out the water from the interior of the dock, the weight of the 
latter being almost entirely neutralised by the buoyancy of its air chambers. It enables the 
hydraulic lift to take ships of increased length, by means of its projections at each end beyond the 
lift It enables the hydraulic lift to take ships of increased draught by depending for its longi- 
tudinal strength upon the box girders, which are at the sides and not beneath the ship, and by 
thus not reqmring under the keel any greater depth than is just sufficient for the transverse girders. 

In order to determine what strength the structure would require, sample ships embodying 
extreme cases were token for the calculations. Considerable difficulty being experienced in ascer- 
taining the longitudinal distribution of weight in the ships, and also the distribution according to 
which this weight would be conveyed to the floating dock, it was determined to assume, for one 
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set of calculations, that the weight of the ship a foot run, at any part of its length, was proportional 
to its displacement at that part, and that the ship being perfectly flexible h^ no power of other- 
wise distributing its load. Other distributions of load were also assumed, so as to cover all pos- 
sible cases. 

With a view to enable the dock to take comparatively short as well as long ships, or to take 
ships having an unusually great proportion of their weight amidships, and to give a support to 
these ships coinciding as nearly as possible with the displacement at each section, portions of the 
flooring of the dock towards its ends are raised 
from the bottom to the top flanges of the cross 
girders, thus diminishing the end displacement ; 
end, with the same object in view, the end com- 
partments of the box girders are, when necessary, 
filled with water ballast of from 14 to 15 ft. in 
depth. The intermediate box girder chambers 
are, as already stated, permanent air chambers, 
which relieve the hydraulic lift of nearly the 
whole weight of the dock. 

In consoquence of the level of water over the 
hydraulic lift being at times so low as to leave a 
very small margin beyond the draught of ships 
to docked, it was of the utmost importance 
that the cross girders should be made of the least 
depth possible consistent with strength and stiff- 
ness. The web C, Figs. 976, 977, is 2 ft. 51 in, deep 
by I in. thick, consisting of three plates 11 ft. long, 



977 . 



cross girder. The top flange is 24 in. wide x 2| in. thick at the centre, reduced to | in. thick at 
the ends. The bottom flange consists at the centre of two f in. and one J in. plate, all 24 in. wide ; 
and one i-in. plate 3^ in. wide, upon the projecting edges of which are lap^ and riveted |-in. 
plates D D, connecting the flanges of the girders, and forming with them the flooring or bottom 
dcin of the dock. These flooring plates, which form port of the bottom flanges of the cross girders, 
are stiffened with bulb L iron girders 5 in. x SJ in. x Vk weighing 10 lb. a ft. run, and placed 
2 ft. apart centre to centre, at right angles to the cross girders, as shown at E B, Fig. 974. The 
rivets in top and bottom flanges of the cross girders are 1 in. diameter and 4 in. pitch. The rivets 
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ooimeotiiig the flooring plates to the flange plates are { in. diameter and 8 in. pitch. These pitches 
are maintained from ena to end of the cross girdera 

At 105 ft. from the centre of the dock towards each end, the flooring plate D joining the flanges 
of the cross girders is remoTed from the bottom to the top flianges, excepting for a distance of 8 ft 4 in. 
on each side of the longitadinal centre line of the dock; thus raising the water-tight skin of the 
dock at the sides of the flooring, but leaving a longitudinal trough in the centre, which is 
sufficiently wide to srive access to the reduced section of the ships at this distance from amidships. 

heads F forming the sides of this trough, and the arrangement of the plates 
in the top and bottom flanges of the cross girders are shown in the transverse sections of the dock. 
Figs. 974, 975. 

At 150 ft. from the centre of the dock towards each end, where the ship is still smaller in 
section, the longitadinal trough above mentioned is made still narrower, or only 4 ft. 4 in. on each 
side of the centre line, as indicated at G, Fig. 978. The general construction of the cross girders 
here is similar to that already described, but the thickness of plating in the flanges is less. 

On the bed lino of the dock are short longitudinal girders H H, Figs. 974 to 976, fitting in 

978 . 



between the cross girders. These girders materially stiffen the cross girders at the pert where the 
load of the slnp has to be supported. They also eoualize to some extent any unequal loading that 
may occur, although, being discontinuous, they ao not iwssess any great longitudinal strength. 
They have web plates 2 ft. in. deep X f in. thick, united by 3^ in. x 3^ in. x fV L irons 
to a top flange 16 in. wide x i in. thick, and to the flooring piates D at the bottom. They are 
ahso stiffened with two vertical 6 in. x 3 in. x | in. "T irons, one on each side. On the top flange 
of each cross girder at either end is a gusset K, Figs. 974, 975, and 978, 8 ft high x 3 ft 8 in. 
broad at the bottom, formed of a plate stiffencxi at the outside edge with an L iron 3 in. x 
S in. X I in., and round the back with an L ir«ri 3J in. x 3J in. x -jV riveted through to the 
frame inside the main girder M. This gusset stiffens and strengthens the connection of the cross 
to the main girder. The ends of the cross girders are also cxmnocted to the main girders by a con- 
tinuous longitudinal L iron, riveted to the webs of the main girders and to the top flange of each 
cross girder where the L iro^J crosses it. The vertical L irons at the ends of the cross-girder webs 
are also riveted through the main-girder webs to the frames inside the latter, Fig. 974. The 
end plates in the bottom flanges of the cross ^ders lap over, and are riveted on the top of the 
uppermost plate in the bottom flange of the main girder, this plate being made to project beyond 
the others for the purpose. The main girders are stiffen^ with a transverse frame on the centre 
line of each cross ^der. 

The main girder web plates MM, Figs. 974, 975, 978, are 15 ft. long x f in. thick, standing 
vertically, and have a width of 2 ft. 101 in«» 2 ft. 6} in. alternately ; their vertical joints are 
lap joints, and not butted according to the usual custom. The rivets used in the laps are f in. 
diameter, and 3 in. pitch. In the four air compartments in each girder, extending from the centre 
to 120 ft. towards each end, the web plates arc stiffened with vertical bulb I ^ hi. x 31 in. 

X -A in., weighing 10 lb. a foot run, placed inside, and stayed across from w^ to web at intervals 
by light horizontal X frons. In the other compartments of the girders which are used us water- 
ballast tanks, the plates are stiffened with horizontal bulb irons, of the same section as above, placed 
inside in 5 ft. lengths, and having their abutments at the transverse frames. The reason why the 
air and ballast chaml^rs are differently stiffened is Ibut the air chambers, when submerged, have 
a considerably greater pressure to bear than is over brought upon the ballast chambers, and must 
consequently be made stronger. The transverse bulkheads across the air and ballast chambers are 
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sttffeiled in a similar manner with horizontal bnlb L irons. The webs of the main girders are 
riveted to the flanges by double L irons, 4 in. x 4 ki. x } in., riveted with 1 in. rivets. The space 
between these L irons is | in., so as to allow room for the lap of the two -l-in. web plates withont 
having their comers thinned ; }-in. liners are inserted between the laps, to make up a uniform 
thickness. 

The flanges of the main girders, which are 400 ft. long, are of great width and thickness, to 
give longitudinal strength to the dock ; the arrangement of the plates is shown. Figs. 979, 980. 

979. 



The bottom flango at the centre, Fig. 980, is composed of four layers of |-in. plates, and 
two layers of jl'inch plates. The width of the uppermost layer, or that next the L. irons, is 
6 ft 5} in., made up of one plate 3 ft. 4 in. wide, and one plate 3 ft. 1} in. wide. All the 
other layers are 6 ft. wide, made up of one plate 3 ft. 4 in. wide, and one plate 2 ft. 8 in. 
wide, tlie wide and narrow plates being placed alternately on opposite sides, so as to break joint. 
The extra 5* in. in the width of the uppermost layer is to form the projecting lip upon which the 
end plates of the bottom flanges of tho cross girders are riveted, Fig. 974. The top flange at the 
centre, Fig. 979, is composed of five layers of | in plates, each layer being 6 ft. wide, and arranged 
in a similar manner to those in the bottom flange. Both top and bottom flanges are reduced at 
the ends to one plate of « in. thickness, excepting the top flanges at the gate end, which are reduced 
to two plates of { in. thickness. All plates, excepting those at the ends of the layers, are 10 ft. 
long, and the rivets, which are 1 in. diameter, have a continuous pitch of 4 in., maintained for the 
whole length of 400 ft. The rivets in the projecting edge of the bottom flange, for connection to 
the cross girders, nro f in. diameter, and 3 in. pitch for the centre 210 ft.; beyond this length the 
cross-girder flooring is raised, as in Fig. 974, and the riveting, which is not continuous, is done 
with rivets 1 iu. diameter. 

The closed end of the dock is formed of a single skin of plates, 15 ft. long, set vertically, with 
their joints lapped. This plating is supported by six strong vertical gussets, 12 ft. 6 iu. high, and 
5 ft. broad at tne bottom. There is no internal 


gusset on the centre or keel line of the dock, but a 
vertical girder is placed out&ide, so as to leave this 
part perfectly clear for the stem of a long ship. 

The plating of the closed end is furtlier stiffen^ * B 

by long horizontal bulb L irons placed outside, I /^~LM 

and by a horizontal girder at top, also outside, I /X 

which is 2 ft. wide and forms the gangway across I // 

the end of the dock. Tho closed end forming a J JIX j / 

girder 15 ft. in depth, adds considerable transverse i 

stiiTness to the dock at this part. 

At the open or gate end of tiie dock. Fig. 978, 
no such girder as tlie above could possibly be used, 
and tht*re wore, moreover, many considerations 
connected with the gstes tlicmselves which made 
it a matter of great importance that the cross 
girder at this end should possess, both in itself 
and in its attachments to tlie main girders, far more 
than the ordinary strength considered necessary 

for the other cross girders. It was th( refore deter- f o i * a ^ s 

mined to reduce tho depth of the end bulkhead in 

the main girders. Fig. 975 ; to make the web of this 992. 

cross girder, wliich is 2 ft. 6 in. in depth, continuous 

between the two outside webs of the main girders; and to make the bottom flange of the cross 
girder, which at the centre is 36 in. wide by 2f in. thick, continuous right through, and riveted to 
the outside L lK)ttom flan^ of tiie main prder : finally, to make the top flange of this 

cross girder, which in the centre is 30 in. wide by 3J in. thick, also continuous right through to tho 
outside web of the main girder. Tliis construction is shown in Fig. 974, and Ihe section of the end 
cross girder in Bigs. 981, 982. In the top flange of this end cross girder, the end plates of the lowe&t 
layer are also made of such a width as to extend along inside the main girders a distance of 5 ft. ; 
and the whole of this plating being tiioroughly secured with double L the end cross girder 
and the two main girders are thoroughly incorporated together. 

Tho horizontar triangular projection L carrying the gate sill J, Figs. 978, 981 and 982, is made 
of a I in. plate, riveted to the projection of one of the plates in tho top flango of the end cross 
girder, aua supported by strong plate and L iron gussets placed underneath. Along the edge of 
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this triangular projection L iuid on the end bulkheads of the main girders is fixed the timber J, 
'Which forms the water-tight seat between the gate and the end of the dock. In this timber, which 
is secured to the L irons with in. wooden screws and caulked with oakum, is a groove, which is 
planed out to a diameter of 2^ in. and a depth of in. In this groove is placed an indiorabber, 
projecting about f in. beyond the face of the timber. The object of having the rubber made with 
a central hole was, that when it was pressed home flush with the face of the timber it might All up 
this hole, and not be frayed by bei^ squeezed and crushed over the edge of the timber. The 
outward pressure of the rubber is sufficient to prevent the water from passing, while the timber 
takes almost the whole of the pressure received from the gate, and thus prevents the nature of the 
rubber ftom being destroyed. 

The gates, one of which is shown in sectional plan in Fig. 978, are 12 ft. 3 in. in depth and about 
26 ft. long ; the^ are straight on the inside, but curved on the outside to a radius of 65 ft. 7^ in., 
and are made with a double skin of 4-in. plates, with their lengtlis placed horizontally. These 
plates are lapp^ at their sides, but Dutted at their ends. There are five horizontal and three 
vertical plate diaphragms in each gate, thus dividing it into eight compartments ; of these the four 
upper ones are o^n for the water to flow in and out, while the four .g, 

lower ones are permanent air chambers, and when submerged have 
a displacement just sufficient to balance the weight of the gates, and 
make them water-borne. The lower compartments were fixed upon 
as the air chambers in order that when the dock was being worxed 
with a large amount of free board, the gates might still be as nearly 
as possible floating. In addition to the three vertical plate dia- 
phragms there are at 5 ft. centres, strong vertical plate and L-iron 
mmes, extending from top to bottom ; and in addition to these, 
there are in the air chambers extra plate and i^-iron stiffeners, 
to resist the water pressure when the dock is at the bottom of the 
lift pit. All rivets in the gate are f in. diameter, and 3 in. pitch. 

At the mitres of the gate are fixed, each between two angle irons, 
two vertical timbers, which meet when the gates are shut, and 
complete the water-tight seal. 

The hinge of each gate. Fig. 983, consists of a forged wrought- 
iron gate post, 7} in. in diameter, which passes through horizontal 
diaphragms in the semicircular end of the gate^ and is fixed in 
place by cast-iron distance pieces. The top of this gate post works 
in a gun-metal cap, which fits in a Bessemer steel casting riveted 
to the plates at the end of the top flange of the main girder, and 
also firmly secured by a collar let into these plates and run in with 
zinc. The bottom of the gate post is enlarged and hollowed out to 
fit over a gun-metal bush, which works on a Bessemer-steel casting 
forming the pivot ; this pivot fits into a semicircular slot in the 
plates forming the top flange of the end cross girder, and the table 
or flat part of the casting fits and is riveted in between tbe under- 
side of this top flange, and a pair of plate and double L'lrun 
brackets which are riveted to the web of the end cross girder. 

The gates are closed by strong chains attached to eye-pilates on 
the gate, and passed over sheaves to a barrel fixed between the last 
pair of side ^ssets ; the barrel is worked with a worm wheel by a 
long vertical shaft horn tbe top of the main girder. The gates are 
DCS passed over sheaves fixed to the dolphins at the 


opened by ropes passed over sheaves fixed to the dolphins at the 
entrance to the lift, and led back to capstans placed on the ends ^ j f i I 

of the lift platform. * 

The following calculations relating to this important dock are due to Charles El win, of London ; 

To estimate the Stresses on Flanges of Main Girders, when the Dock is afloat. — The total 
weight of the dock is 1650 tons, of which about 60 tons is supported W the displacement of the 
iron and timber beneath the level of the lower flooring of the dock. Ijiis amount may therefore 
at once be dismissed from the calculation, reducing the weight to 1590 tons. There may also be 
dismissed from the calculation the weights of the crane and gate at the after end, and of the closed 
end, engines and pumps at the forward end, as these are more or less neutralized by local 
buoyancy ; and as moreover they are not evenly distributed, they would, if taken into account, 
complicate the calculations without any corresponding advantage in accuracy. 

The calculations are bused upon the weights of the main and cross girders, and arc as follows ; — 

From centre to 105 ft. from centre = 4 * 5 tons a foot run. 

„ 105 ft. to 150 ft. „ „ = 3-5 „ 

„ 150 ft. to 200 ft. „ „ = 2-5 „ „ 

So that the total weight for the calculations is — 



For length from centre to 105 ft. from centre 
„ 105 ft. to 150 ft. „ 

„ 150 ft. to 200 ft. „ „ 


In the calculations of displacements no account is taken of that due to tlie air compartments for 
engines and the like, these being neutralized by local loads. The displacement above the upp r 
floor levels will tliorefore be 400 ft. length x 58*8 ft. width, giving 653 tons a foot of draught ofi 


Ft. 


Tons. 

Torn*. 

210 

X 

4*5 

= 945 

90 

X 

8*5 

= 815 

100 

X 

2-5 

=: 250 
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dock, this inpluding the space decupled by the water ballast. The displacement between the lower 
and upper floor leyel, also including space occupied by water ballot, varies according to the 
arrangement of the flooring, and is— 

Tons a Total 

Ft. Ft. foot run. tons. 

From centre to 105 ft. from centre .. 58*8 x 2*5 = 4*08 or 856*8 

„ 105 ft. to 160 ft. „ „ .. 27*2 X 2*5 = 1*89 or 170*1 

„ 150 ft. to 200 ft. „ „ .. 19*2 X 2*6 = 1*33 or 133*0 


or 1160 tons total displacement between the two floor levels. 

The displacement above upper floor level due to the weight of the dock is ascertained by 
deducting 1160 tons, that below upper floor level, from 1510 tons total weight, leaving 350 tons, 
which, divided by 400 ft total length, gives 0*875 ton a foot run ; so that the total displacements 
a foot run, due to weight of dock, will be — 

* Below. Above. Total 

Tons. Tons. tons. 

From centre to 105 ft. from centre 4*08 + 0*875 = 4*955 

„ 105 ft. to 150 ft. „ „ 1*89 + 0*875 = 2*765 

„ 150 ft to 200 ft. „ „ 1*33 + 0*875 = 2*205 

We have then to ascertain the stresses in the main girder flanges, due to the difference between 
the moments of tiie weight of the dock, and the moments of the displacements caused by this 
weight. In this and the subsequent calculations all moments are taken as positive which tend to 
produce compression in the top flange and tension in the bottom flange, and all opposite moments 
as negative. 

The moments of weight of dock are — 

Tons. Ft. Ft. Tons. Ft. Ft. Tons. Ft. Ft. Foot-tons. 

At centre (4*5 x 105 x 52*5 -f 3*5 x 45 x 127*5 + 2*5 x 50 x 175) = - 66,762 

50 ft. from „ ( „ x 55 x 27*5 + „ x 45 x 77*5 + „ x 50 x 125) = - 34,637 

100 ft. „ „ („ X 5x 2*5 4- „ X 45 x 27*5+ „ x 50 x 75) 13.762 

150 ft. „ „ („ x 50 x 25)=- 3,125 


The corresponding moments of displacement of dock ; — 

A. 

Tong. Ft. Ft Tons. Ft. 


50 ft from 
100 ft. „ 
150 ft. „ 


Tong. Ft. Ft Tons. Ft. Ft. Tons. Ft. Ft Foot-ton 

At centre (4*955 x 105 x 52*5 + 2*775 x 45 x 127*5 + 2*205 x 50 X 175) = + 62,472 
.from,, ( „ X 55 x 27*5 + „ X 45 x 77*5+ „ X 50 X 125) = + 30,919 

»» ( 


Foot-tons. 


55 X 27*5 + 
5 X 2*5 + 


X 45 x 77*5 + 
X 45 X 27*5 + 
( 


X 50 X 125) = + 30,919 
X 50 X 75) = + 11,752 
X 50 X 25) = + 2,756 


The algebraical sum of these moments will give the resultant moments ; and the latter divided 
by 15 ft, the depth of the girder, and by two, the number of main girders, will give the stress on 
each flange due to the weight of the dock. Thus, — 


Moments due 

Moments due 

Besnltant 

Moments. 

to Weight 
of IKh«. 


to Displace- 
ment. 

Foot- tons. 


Foot-tons. 

Foot-tons. 

— 66,762 

+ 

62,472 = 

- 4290 

- 34,637 

+ 

30,919 = 

- 3718 

— 13,762 

+• 

11,752 = 

- 2010 

- 3,125 

4- 

2,756 = 

- 369 


At centre .. — 66,762 + 62,472 = - 4290 = - 143 

60 ft. from „ — 34,637 + 30,919 = ~ 3718 = - 124 

100 ft. - 13,762 +. 11,752 = - 2010 = - 67 

150 ft. „ „ — 3,125 + 2,756 = - 369 = - 12 

In the actual calculations of the stresses on the main girder flanges, they were asoertained for 
sections at 10 ft. apart ; but those here given at 50 ft. apart are sufScient to show the system of 
calculation adopted. 

The water ballast extends from 120 ft. from centre of dock to either end of each main girder ; its 
weight a foot run is 2 x 14 ft. x 5*25 ft. x ton a cub. ft. = 4*08 tons, and the downward 
moments of this weight will be — 

B. 

Tons. Ft. Ft. Foot'tons. 

At centre 4*08 X 80 x 160 = - 52,224 

50 ft. from „ ,, x 80 x 110 = — 35,904 

100 ft. „ „ „ X 80 X 60 = - 19,584 

160 ft. „ „ X 50 X 25 = - 6,100 

The total displacement caused by this load will equal it in amount, and will be uniformly dis- 
tributed, or 653 tons -i- 400 ft. = 1*63 tons a foot run of length and a foot of draught of the dock ; 
and the upward moments of this displacement will be — 


50 ft. from 

100ft. 

150 ft. „ 


B. 

Tons. 

1*63 

X 

Ft. 

200 

X 

Ft. 

100 = 

+ 

Foot-tons. 

32,600 

,> 

X 

160 

X 

75 = 

+ 

18,388 

91 

X 

100 

X 

50 = 

4- 

8,150 

n 

X 

50 

X 

25 = 

+ 

2,088 



446 


IXKJKa 


The al^braioal sum of the last two sets of momenta will give the resultant moments ; and half 
the latter divided by 15 fL depth will give the stresses on each flange due to the water ballast 


At centre 
50 ft. from „ 
100 ft. „ 

150 ft. „ 


B. 


Moments 


Moments 


Stress 
on each 
Flange. 

due to 


due to 

Resultant 

Waier 

Ballast. 


Displace- 

ment. 

Momenta. 

Foot- tons. 


Foot-tons. 

Foot-tons. 

Tons. 

52,224 

4- 

32,600 = 

- 19,624 = 

- 654 

85,904 

+ 

18,388 = 

- 17,566 = 

- 585 

19,584 

4“ 

8,150 = 

- 11,434 = 

- 881 

5,100 

4- 

2,038 = 

- 3,062 = 

- 102 


If an algebraical sum is made of the stresses obtained by calculations A and B, the stresses due 
to the total dead or permanent load will be obtained ; — 


At centre 
50 ft, from „ 
100 ft. „ 

150 ft. „ „ 


Streraes due StresacB due 
to Weight to Water 

of Dock. Ballast. 

Tons. Tons. 

- 143 — C54 

- 124 — 585 

- 07 — 881 

12 — 102 


Resultant Stresses 
due to Total 
Permanent Load. 
Tons. 

= - 797 

= - 709 

= - 448 

= - 114 


To ascertain the effect of the weight of a perfectly flexible long ship, heavy in the centre but 
light at the ends, two assumptions are made as to the distribution of the weights. 

The weight of the ship is assumed to be proportional to its displac^ement at each section of its 
length. This weight is plotted on a diagram, and the weight of each portion is calculated, and the 
distance is ascertained of its centre of gravity from any point round which moments have to be 
taken. The ship in this example is taken as 381*9 ft. long x 44*7 ft. beam, and displaces on an 
even keel, and at an 18 ft. draught, 3944 tons of water, its gross registered tonnage being 
3664 tons. 



Taking the same fonr points in the length of the dock as before at which to calculate the 
stresses, and calculating for each of those points the downward moments of those parts of the ship 
only which lie beyond that point, the moments due to the weight of the ship are found 


At centre 
50 ft. from „ 
100 ft. „ 

150 ft. „ 


FooLtom. 
= — 125,334 
= — 47,880 
= — 10,134 
= — 316 


The displacement caused by weight of ship is 8944 tons total, or =9*86 tons a foot run ; 
and the moments of this displacement are; — 


Tons. Ft. Ft. Foot-tong. 

At centre 9*86 x 200 x 100 = + 197,200 

60 ft. from „ „ x 150 x 75 = + 110,925 

100 ft. „ „ „ X 100 X 50 = 4- 49,300 

150 ft. „ „ „ X 50 X 25 =r 4- 12,325 


The following algebraical sum of the moments duo to the weight of the ship and to the dis- 
placement caused by tliis weight will give the resultant moments due to the ship ; and dividinir 
half the latter by 15 ft. depth, as before, will give the stresses ou each flange ^ 


At oentro 
50 ft. ftom „ 
100 ft. „ „ 

l50ft;^^ 


Moments due Moments due 
to Weight to Dls- 
of Ship. ^acemcht. 
Foot-tons. root-tons. 

- 125,334 4- 197,200 = 

- 47,880 4- 110,925 = 

- 10,134 4- 49,300 = 

816 4- 12,325 = 


Kesultont 

Moments. 

Foot^tons. 

4- 71,866 = 
4- 63,045 = 
4- 89,166 = 
-h 12,009 = 


Stress 
on each 
Flange. 
Tons. 

4- 2396 
4 * 2102 
+ 1300 
+ 400 
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Finally, the followinj: algebraical sum will give the total resultant stresses duo to weight of 


ship and permanent 1 


At centre 
50 ft. from „ 
100 ft. „ 

150 ft. 


Component 

Com- 

Biress. 

ponent 

Permanent 

Stress. 

Load. 

Ship. 

Tons. 

Tons. 

~ 797 4- 

2396 

- 709 4- 

2102 

- 448 4 

1306 

- 114 4 

400 


Stress. 
Tons. 
= + 1599 
= + 1393 
= + 858 

= + 286 


985 , 





Tho same ship is taken as in the last calculation, but the distribution of its load is assumed to 
be four-fifths of the total load uniformly distributed over the central two-thirds of the length of tlie 
ship, and tho remainder uniformly distributed over the ends. This distribution Elwin believes to 
be generally accepted as approximately correct. 

The length of the ship l^ing 354 ft. on the keel, its weight will now be distributed 


Tons. 

13*37 tons a foot run on 236 ft. in centre =3155 

6*69 „ „ 59 ft at each end = 789 

Total weight = 3944 

Tho moments of the weight of tho ship will be ; — 

Tons. Ft. Tons. Ft. Ft. Foot-tons. 

At centre .. (13*37 x 118 x 59 -f 6*69 x 59 x 147*5) = — 151,302 

50 ft. from „ .. ( „ x 68 x 34 -f „ x 59 x 97*5) = — 69,396 

100 ft „ „ X 18 X 9 + X 59 X 47*5) = — 20,915 

150 ft „ „ .. ( „ X 27 X 13*5) = — 2,438 


The moments of the displacement are the same as in the last calculation ; and the following 
algebraical sum will give the resultant moments due to the ship, and, dividing by 2 x 15 ft. depth, 
the stresses on each flange ; — ’ 

Moments due Momenta due Stress 


Foo^tons. 

At centre — 151,302 

60 ft. from „ — 69,396 

100 ft „ „ . - 20.915 

150 ft „ „ - 2,438 


IPoot-tons. Foot-tons. 

4- 197,200 = -f 45,898 = + 1,530 

+ 110,925 = -f 41,529 = + 1,384 

+ 49,300 = 4 28,385 = 4 946 

4- 12,325 = 4- 9,887 = 4- 330 


Finally, the following algebraical sum will give tho total resultant stresses due to weight of 
ship and permanent load ; — 


At centre 
50 ft. fVom „ 
100 ft „ 

150 ft 


Component 


Component 


Total 

Stress. 


Stress. 


Resultant 

Permanent Load, 

Ship. 


Stress, 

Tons. 


Tons. 


Tons. 

— 797 

4- 

1530 = 

4 

733 

— 709 

4 

1384 = 

+ 

675 

— 448 

4 

946 = 

+ 

498 

- 114 

+ 

330 = 

4 

216 


To ascertain the effect of a short heavy ship, take for example a vessel 313*3 ft. long x38 ft. 
beam, which displaces, on an even keel and at an 18 ft. draught, 2967 tons of water, its gross 
registered tonnage being 2178 tons. The same two assumptions as to distribution of load are taken 
as in the lost ccdcolaUon. 
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The following algebzaioal rams will give the total Teealtant stresses due to weight of idiip and 
permanent load on either method ; — 

First Method. 


Component Component Total 

Streea. Streia. Beaultai 

Permanent Load. Ship. Stress. 

Tons. Tods. Tons. 

At centre — 797 + 2308 = + 1611 

60 ft. from „ — 709 + 1989 = + 1280 

100 ft. „ „ — 448 + 1151 = + 703 

150 ft. „ — 114 + 309 = + 195 

Second Method. 

At centre — 797 + 1733 = + 936 

50 ft. from - 709 + 1547 = + 838 

100 ft. „ „ - 448 + 990 = + 542 

150 ft. „ „ - 114 4- 309 = + 195 


To ascertain the effect of a long heavy ship, the ship in this example is taken as 420 ft. long 
X 42*5 ft. beam, and displaces, on an even keel and at an 18 ft. draught, 4400 tons of water, its 
gross registered tonnage being 3850 tons. The same two assumptions are made as in the pre- 
vious calculations. 

First Method. 


At centre 
50 ft. from „ 
100 ft. „ 

150 ft. „ „ 


At centre 
50 ft. from „ 

nooft. „ „ 

150 ft. „ „ 


Component 

Stress. 

Permanent Load. 
Tons. 

Component 

Stress. 

Ship. 

Tons. 


Total 

Resultant 

Stress. 

Tons. 

— 797 

+ 

1943 


+ 

1146 

— 709 

+ 

1745 


4- 

1036 

- 448 

+ 

1129 


4- 

681 

— 114 

+ 

368 

= 

4“ 

254 

rD Method. 

~ 797 

+ 

1041 

ss 

4- 

244 

- 709 

+ 

944 

= 

4- 

235 

- 448 

+ 

652 


+ 

204 

- 114 

+ 

202 


+ 

88 


Table I. 


Resnltani Stresses on Main 
Girder Flanges. 

Long ship, heavy in centre, 
light at ends. 

Short heavy ship. 

Ijong heavy ship. 

First 

assumed 

distribution. 

Second 

assumed 

distribution. 

First 

assumed 

distribution. 

Second 

assumed 

distribution. 

First 

assumed 

distribution. 

Second 

assumed 

distribution. 

At centre.. 

50 ft. from „ .. 

100 ft. 

150 a „ 

tons 

4- 1599 

4 1393 

4- 858 
+ 286 

tons 

4 733 

4 675 

4- 498 

4 216 

tons 

4* 1511 

4- 1280 

4 703 

4- 195 

tons 

4 936 

4 838 

4 542 

4 195 

tons 

4- 1146 

4 1036 

4 681 

4 254 

tons 

4 244 

4- 235 
+ 204 

4- 88 



The effect of the water ballast upon the stresses on the flanges of the main irirders 
calctdation B, p. 445 ; from which it will be seen that the amount by 
teWe would be inoteas^if there were no water in the balhwtXTb^ b -At ZSl 
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If these ohambers were left open to the outside water, so that the contained water would be 
level with that in which the dock was floating, or in other words so that the depth of water in the 
ballast ohambers would equal the draught of the dock, then the reduction of the stresses would be 
from ^ to ^ of that given above, according to the draught of the dock ; but when really most required, 
with the short ship of small maximum but great proportional load, the relief afforded to the main 
girder flanges would be least, as the draught of the dock in this instance would be less than in the 
other cases. 

The effect of raising the flooring, is to transfer the centre of gravity of a portion of the displace- 
ment, on each side of the centre of the dock, to a point considerably nearer the centre, with a 
corresponding reduction in the stresses on the main girder flanges. 

The following are the actual displeusements below the upper floor level exclusive of the side 
girders, 1 cub. ft. of water weighing ton ; — 



Ft. In. 

Ft. In. Ton. 

Tons a 

Foot Run. 

Total 

Tons. 

Centre to 105 ft. from centre 

., = 48 2 

X 2 6 X = 

3*34 or 

351 

105 ft. to 150 ft. „ 

.. = 16 8 

X ,, X », = 

1-1.57 „ 

52 

150 ft to 200 ft. „ 

..= 88 

X „ X „ = 

O-CO „ 

80 


Total displacement on each side of centre 


433 


The distance of the centre of gravity of this displacement from the centre of the dock is 
69*9il ft., say 70 ft., or 30 ft. less than that for uniform displacement. The reduction in tlic 
stresses on the flanges is given in Table II. 

Table II. 



1 

1 Stress on each 
Flange 

1 with uniform 
i’ Displacement. 

Stress with 
Displacement 
as modifted 
by ralbing 
the Flooring. 

Reduction 
effected 
by raising the 
Flooring. 


' tons 

tons 

tons 

i At centre 

.. .. 1443 

1010 

433 

50 ft. from ,, 

.. .. 812 ; 

428 

384 

, 100 „ „ 

. . . . 361 

124 

237 

, 150 ,, „ ,, 

.. .. . 90 

25 

65 


When the dock is on the lift, the maximum stresses on the main girder flanges occur, when the 
dock and ship have been raised by the hydraulic lift till the dock has 12 in. freeboard, inasmuch 
as, previous to this, the ship is to a greater extent water-borne, and the weight on the hydraulic 
lift is less ; and, subsequent to this, the weight is more or less supported, by the buoyancy caused 
by pumping out the water from tlio interior of the dock, which operation again relieves the 
pressure on the hydraulic lift. Wlien the dock is in this position with 12 in. freeboard, almost all 
tho iron, except that in the top flanges of the main girders, is submerged ; the weights of the dock 
will, therefore, be taken one-eighth less than in the calculations for the dock when afloat, and will 
bo from centre to 105 ft. from centre 3*94 tons a foot run; from 105 ft. to 150 ft, from centre, 
3*06 tons a foot run; from 150 ft. to 200 ft. from centre, 2*19 tons n foot run. 


So that the total weight for tho calculations is ; — 

Ft. Tons. Tons. 

For length from centre to 105 ft. from centre .. 210 x 3*94 = 827*5 

„ „ 105 ft. to 150 ft, „ .. 90 X 3 *06 = 275*5 

„ 150 ft. to 200 ft, „ .. 100 X 2*19 = 219*0 


Total 1322-0 


For the unbalanced weight at the ends, a totjil extra load of 80 tons is assumed, or 40 tons at 
each end, 200 ft. from centre. Thus the total weight of tho dock will be 1322 -f 80 = 1402 tons. 

The water ballast, being level with the outside water, does not affect the calculation. The ship 
although already partly raised, is still drawing about 10 ft. 6 in. of water, and its displacement reduces 
the amount of its weight that has to bo supported on the hydraulic lift. Tho air chambers in the 
main girders have a displacement of 2 X 14 ft. x 5*25 ft. x ton a cub. ft. = 4*08 tons a foot 
run, which for a length of 240 ft. gives 979 tons as the amount to which tho air chambers relievo 
the hydraulic lift. The dock when in the lift is always placed with its centre 2 ft. 6 in. farther 
forward than the centre of the lift; and all the stresses given are for tho after end of the dock. 

First, to ascertain the stresses on the main girder flanges, due to the difference between the 
moments of the weight ^of the dock, and the moments of the displacement of the air chambers, and 
of the support given by the hydraulic presses. 

Downward pressure , — Weight of dock 

Upward pressures , — Buoyancy of air chambers 

Pressure on rams, 16 pair, at 26*44 tons 


Tons. 

1402 

979 

423 

1402 


Total 
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Moments of Weight of Dock. 

Tons. Ft. Ft. Tonsi. Ft Ft. Tons. Ft Ft. Tons. Ft. Foot-tons. 

At centre (3 • 94 x 105 X 52 • 5 + 3 • 06 x 45 x 1 27 • 5 -f 2 • 19 x 50 x 175 40 x 200) = — 66,439 

50ft.from „ ( „ x 55x27-5+ „ x45x 77*5+ „ x 50 x 125 +„ x 150) =- 36,319 

100 ft. „ „ ( „ X 5X 2*5+ „ x45x 27-5+ „ x50x 75 +„ X 100) =- 16,049 

150ft. „ „ ( „ x50x 25+ „X 50) = - 4,737 

Moments of Displacement of Am Chambers. 


Tons. 


Ft. 


Ft. 


Foot-tons. 

At centre 4*08 

X 

120 

X 

60 = 

+ 

29,376 

50 ft. from „ „ 

X 

70 

X 

35 = 

+ 

9,926 

100 ft ,, 

X 

20 

X 

10 = 

+ 

816 


150 ft. „ „ no displacement beyond 120 ft. 

The moments of the pressure of the rams, of which there are eight pairs aft of the centre of the 
dock, spaced 20 ft. apart, are as follows ; — 



Tons. 


No. 


Ft. 

Foot-tons. 

At centre 

26*44 

X 

8 

X 

82-5 = 

+ 

17,450 

50 ft. from „ 


X 

6 

X 

52-5 = 

+ 

8,329 

100 ft. „ 


X 

8 

X 

32-5 = 

+ 

2,578 

153 ft. 

»> 

X 

1 

X 

2-5 = 

+ 

66 


The following algebraical sum of these moments will give the resultant moments duo to the 
dead or permanent load, whence the stresses on each flange are obtained by dividing by 2 x 15 ft. 
depth ; — 

Moments of Moments of Moments of Stress 

Weight of Displacement of Pressure on on each 

Dock. Air Chambers. Rams. Moments. Flange. 

Foot-tons. Foot-tons. Foot-tons. Foot-tons. Tons. 

At centre — 66.439 + 29,376 + 17,450 = — 19,61.3 = ~ 654 

50 ft. from „ — 36.319 + 9,996 + 8,329 = — 17,994 = - 600 

100 ft „ — 16,049 + 816 + 2,578 = — 12,655 = - 422 

150 ft. „ „ - 4,737 + 000 + 66 = — 4,671 = - 156 

To ascertain the effect of the weight of a perfectly flexible long ship, heavy in tlio centre but 
light at the ends, the weights are plotted and the weight of each portion is calculated, and the 
distance is ascertained of its centre of gravity from any point round which moments liave to bo 
taken. The displacements at 10 ft. 6 in. draught are treated in a similar maimer. The ship in 
this example is the same as at p. 446, its total displacement or weight being 3944 tons, and its 
displacement at 10 ft. 6 in. draught being 1704 tons ; so that the load on the rams is 3944 tons — 
1704 tons = 2240 tons, which on sixteen pairs of rams gives 140 tons a pair due to excess weight of 
ship. 

Moments op Hydraulic Presses. 


Tons. No. Ft. Foot-tons. 

At centre 140 x 8 x 82-5 = + 92,400 

50 ft. from „ „ x 6 x 52*5 = + 44,100 

K^Oft. „ „ X 3 X 32-5 = + 13,650 

150 ft. „ „ ^ X 1 X 2*5 = + 350 


The moments of the totel weight of the ship are the same as at p. 446, and as the moments of 
the displacements of the ship at 10 ft. 6 in. draught are ascertained in the same manner, it will not 
be necessary to give in detail the process by which the calculations are obtained, and they will be 
merely inserted in the algebraical sum of upward and downward moments. The same two 
assumptions are made with regard to the distribution of the load. 

Taking the flrst, the following algebraical sum will give the resultant moments duo to the 

.. ... 



Moments 


Moments 


Moments 






dne to 


due to 


due to 


Resultant 


StreBB 


Weight of 

Displacement 

Hydraulic 


Moments. 


on each 


Sliip. 


of Ship. 


Presses. 




Flange. 


Foot-tons. 


Foot-tons. 


Foot- tons. 


Foot- tons. 


Tons. 

At centre 

— 125,334 

+ 

51,962 

+ 

92,400 = 

+ 

19,028 = 

+ 

634 

SO ft. from „ 

- 47,880 

+ 

18,635 

+ 

44,100 = 

+ 

14,855 = 

+ 

495 

100 ft. „ „ 

— 10,134 

+ 

3,619 

+ 

13,650 = 

+ 

7,135 = 

+ 

238 

150 ft. „ 

— 316 

+ 

105 

+ 

350 = 

+ 

139 = 

+ 

5 
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On the second assumption, the following algebraical sum will give the resultant moments duo to 


* 



Moments 


Moments 

Moments 





due to 


due to 

duo to 

Resultant 




Weight of 

Displacement 

Hydraulic 

Moments. 




Ship. 


of Ship. 

Presses. 





Foot-tons. 


Foot-tons. 

Foot-tons. 

Foot-tons. 


At centre 

- 151,302 

+ 

51,962 + 92,400 r= 

- 6940 

50 ft. from 

*9 

~ 69,396 

■f' 

18,635 + 44,100 = 

- 6661 

100 ft. 

91 

99 

— 20,915 

+ 

3,619 4* 13,650 = 

- 3646 

150 ft. 

$9 

>» 

— 2,438 


105 4- 350 = 

- 2003 


Stress 
on each 
Flange. 

Tons. 

231 

222 

122 

66 


Finally, the following algebraical 
ship and permanent load ; — 


At centre 
60 ft. from „ 
100 ft. „ 

150 ft. „ „ 


sum will give the total resultant stresses duo to weight of 


Component 

Component 

Total 

Stress. 

Stress. 

Resultant 

Permanent Load. 

Ship. 

Stress. 

Tons. 

Tons. 

Tons. 

- 654 - 

231 = 

- 885 

~ 600 

222 = 

- 822 

- 422 - 

122 = 

- 544 

-156 

66 

- 222 


To ascertain the effect of a short heavy ship when the dock is in the lift. — The ship is the 
same as at pp. 447, 448, its total displacement or weight 2967 tons, and its displacement at 10 ft. 
6 in. draught being 1276 tons; so that the load on the rams is 2967 tons — 1276 tons = 1691 tons, 
which on sixteen pairs of rams gives 105 '69 tons each pair due to excess weight of ship. 


991 . 



The following will give the total resultant stresses due to weights of sliip and permanent load 
on the first assumption ; — 


At centre 
50 ft. from „ 
100 ft. „ 

150 ft. „ 


assumption ; — 


Component 


Component 


Total 

Stress. 


Stress. 


Resultant 

Pennanent I^oad. 

Ship. 


Stress. 

Tons. 


Tons. 


Tons. 

- 654 

4- 

763 = 

+ 

109 

— COO 

+ 

613 = 

4- 

13 

— 422 

4- 

286 = 

X 

136 

- 156 

4- 

9 = 

- 

147 

;ht of ship 

and 

permanent load on the 


At centre 
50 ft. from „ 
100 ft. „ 

150 ft* ,, „ 


Component 

Stress. 

Permanent Load. 
Tons. 

- 654 + 

- 600 + 

- 422 + 

- 156 4- 


Component 

Stress. 

Ship. 

Tons. 

188 = 
171 = 

125 = 

9 = 


Total 

Resultant 

Stress. 

Tons. 

- 466 

- 429 

- 297 

- 147 


To ascertain the effect of a long heavy ship when on the lift. — The ship is the same as at p. 448, 
its total displacement or weight being 4400 tons, and its displacement at 10 ft. 6 in. draught being 
1900 tons ; so that the load on the rams is 4400 tons — 1900 tons = 2500 tons, which on sixteen 
pairs of rams gives 156*25 tons a pair due to excess weight of ship. 

The total resultant stresses due to weights of ship and permanent load on the first assumption 


are ; — 




At centre 
50 ft. from „ 
100 ft. „ 

150 ft. „ 


Component 

Stress. 


Component 

Stress. 

Total 

Resultant 

Permanent Load. 
Tons. 

Ship. 

Tons. 

Stress. 

Tons. 

- 654 

4- 

235 = 

- 419 

- 600 

4- 

169 = 

~ 431 

- 422 

4- 

48 = 

- 874 

- 156 


50 = 

- 206 

2 a 2 


>» 

w 
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Component 

Component 

Total 




Stress. 

Stress. 

Resultant 




Permanent Ijoad. 

Ship. 

Tons. 

Stress. 




Tons. 

Tuns. 


At 

oeutro 

.. - 654 - 

666 = 

- 1320 

50 

ft. from 

,, . • . . 

.. .. 600 - 

632 = 

- 1232 

100 

ft. 

y» • ■ • • 

.. .. - 422 - 

428 = 

- 850 

150 

ft. « 

tt • • • • 

.. .. - 156 - 

215 = 

- 371 


Table III. 


Kesultant Stresses on Main 
Girder Flanges. 

liong Ship, heavy in centre, 
light at ends. 

Short heavy ship. 

Long heavy sliip. 

First 

assumed 

Distribution. 

Second 

assumed 

Distribution. 

First 

assumed 

Distribution. 

Second 

assumed 

Distribution. 

First 

assumed 

Distribution. 

Second 

assumed 

Distribution. 

At centre .. 

50 ft. from „ 

100 ft „ 

150 ft „ „ .. .. 

tons 
— 20 

— 105 

— 184 1 

— 151 

1 

tons 

— 885 

— 822 

— 544 

— 222 

tons 

-f 109 

4* 13 

— 136 

- 147 

tons 

— 466 

— 429 

— 297 

— 147 


tons 

— 1320 

— 1232 

! - 850 

— 371 


On comparing this summary of results given in Table III. with that given in Table I., it will Iw 
observeil that the distributions of weights of ships which give high stresses when the dock is afloat 
give low stresses when the dock is in the lift, and the reverse ; and that the differences between the 
stresses caused by the weights of the ships, taken uj»on the two different assumptions, are in all 
cases very considerable. It was difficult however to determine the exact, or oven the approximate, 
distribution in wJiich the weigiit of the sliip would be conveyed to the dock, involving as the question 
does, the relative stiffness of tht; two as longitudinal girders- It was therefore determined to take 
the highest stresses as the basis upon W'hich to proportion the material in the flanges: allowing a 
high unit-stress of 8 tons tension, and 7 tons compression, for the parts of the flanges between the 
centre, and 120 ft. from the centre, for which parts the calculations give stresses which are to a 
certain extent hypothetical, in consequence of the perfect flexibility assumed for the ship ; and 
allowing a low unit-stress of 5 tons tension, and 4 tons compression, for the {larts towards the ends, 
for which the calculated stresses approximate more closely to the actual conditions. 

To astK^rtain the stresses on the flanges of the cross girders, fifteen different cases arc tissumed, of 
which six are for the dock when afloat, and nine when on the hydraulic lift. 

Those for the dock when afloat, fake each of the three ships considered in the previous calcula- 
tions, with distribution of load according to their displacements at an 18 ft. draught ; — 

With four-fifths of the total load uniformly distributed over the central two-thirds of the length 
of the ship, and the remainder uniformly distributed over the ends. 

With the load uniform for the whole length of the ship ; including the case of the keel blocks 
being removed from one or more of the cross girders, when the heaviest ship is in the dock. 

The calculations for the dock when on the hydraulic lift, take the heaviest load brought upon 
any cross girder by either of tlie three ships, with distributions of load according to their displace- 
ments at an 18 ft. draught, deducting their displacements at 10 ft. 0 in. draught. 

With four-fifths of the total load, uniformly distributed over the central two-tliirds of the length 
of the ship, and the remainder uniformly distributed over the ends, deducting the displacement at 
10 ft. 6 in. draught. 

With their excess weight uniform for the whole length of the ship. 

And with their excess weight concentrated, and uniformly distributed on those girders imme- 
diately over the hydraulic lift. 

In all cases the stresses are calculated at sections taken 4 ft. apart along the girder, the unit- 
stresses adopted being about 5} tons tension, and tons compression, as a maximum. 

To show the manner in which the calculations for these girders were worked out, two exam]>lo8 
are here given ; — 

When the dock is afloat, and has on it a long heavy ship weighing 4400 tons, and its distribution 
of load is assumed to be proportional to its displacement, the centre cross girder in the dock has to 
support 82*85 tons of the weight of the ship ; the total displacement of the dock at this part, under 
these circumstances, is 87*925 tons a bay, or length of 5 ft. distance betweem the cross girders. 
The weight of the cross girder and flooring is 9*2 tons a bay, and the distribution of loads and 
supports is ; — 


Load of Ship 
concentrated at 
Centre of 

Cross Girder. 

Weight of CrossjQlrder 
and Flooring a' Bay, 
evenly distributed over 
Length of Girder 
of 48 ft 

Total Displacement 
a Bay, evenly 
distributed over 
Displacement width 
of 68‘8ft 

Resultant Pressure 
supported by 

Main Girders. 

tons 

- 82*85 

tons 
- 9*2 

tons 1 

+ 87-925 

tons 

+ 4*125 
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‘And the momenta at the centre of the croaa girder are— 

Tods. Ft. Tons. Ft. Tons. Ft. Foot-tons. 

wliich, divided by 2*6 ft,, the theoretic depth of the girder, gives a stress on the flanges of + 248*5 
tona 

When the dock is afloat, and has on it the short heavy ship weighing 2967 tons, and its distri* 
button of load is assumed to be proportional to its displacement, the cross girder at 100 ft. from the 
centre of the dock has to support 38 tons of the weight of the ship ; the total displacement of the 
dock at this part, under these circumstances, is 70 tons a bay, or length of 5 ft. between the cross 
girders. The weight of the cross girder and flooring is 9*2 tons a bay, and the distribution of loads 
and supports is — 



Load of Ship 1 

concemtrated at 
Centro of j 

Cross Uirdcr. 

. 

Wolflflit of Cross Girder 
and FloorlriK a Bay, 
evenly distributed over 
Length of Girder 
of 48 ft. 

Total Displacement 
a Bay, evenly 
distributed over 
Displact^ment width 
of 58*8 ft. 

Resultant Pressure 
supported by 

Main Girders. 



tons 1 

- 38 i 

1 tons 

1 - 9*2 

tons 

4* 70 

tons 

- 22*8 



And the moments at the centre of the cross girder are— 


Tons. Ft. Tons, 

/70 58*8\ /22*8 
( 2 ^ 4 ) (2 


Ft. Tons. Ft. Foct-tons, 

X 20 - 75 ) - X = -I- 153 


wliich, divided by 2*6 ft., the tlieoretic depth of the girder, gives a stress on tlie flanges of + 59 
tons. 

When tho pressure in the fourtli column of those two tables is positive or upward, it shows that 
tlie diBpla43ement at this part of tlie dock is less than the load, and that there is therefore transferred 
to it, by means of tho main girders, some of the excess displacement from other parts ; and in tlio 
same way, when tho pressure in tlii.s column is negative, it shows that the displacement at this part 
is in excxjss of the load, the siirjdus V)cing conveyed away from this part toother parts. The weights 
of the main girders, and of tho water ballast, do not require to be taken into account separately, as 
they combine with tho ordinary vertical pressures on the main girders ; and for the cross girder 
c ilciilutions it is not necessary to know, in what proportions the vortical pressure on the main 
girdcTs is influenced by the weight of tho ship, or by the weight of the main girders and ballast. 

Towards tho ends of the dock, where part of the flooriug is raised, tlie displacement is not 
uniform for the whole length of tho cross girder, and the moments of those displacements vary 
accordingly. 

When the dock is on tho hydraulic lift and has a ship on it, the excess weight over the displace- 
ment of tho ship is taken as a central load on the cross girder ; and the calculations have therefore 
no peculiarity of any interest. 

Tho stresses for tho flanges of the special cross girder at gate end of dock, are calculated 
assuming that no part of the water pressure on the gates is borne by the sill, but that the whole of 
it is supported at the mitres and gate x>osts, thus producing au end thrust proportionate to the total 
water pressure. 

To the stresses caused by the thrust of the gates have to be added those caused by the displace- 
ment of the triangular projection L, Figs. 978 and 981, and of a half bay of the dock at this part ; as 
ill no case w'ouUl any portion of the weight of the ship be supported on this end cross girder. The 
weight of tho girder with tho triangular projection and half bay of flooring is 16 tons ; and tho 
distribution of loads and sufiports affecting it, when the dock is afloat with a 4400-ton ship, are — 


Ixmd of 
Ship. 

Weight of 
Cross Girder 
evenly 

distributed over 
Ijcngth of Girder 
of 48 ft. 

Displacement'^. 

Resultant 
IVessuro 
supported 
! l)y Main 

Girders, 

1 Below Level 
of Upper 
Flo<ir, 

HalfKnd Bay 

[ Above Level of Upper Floor. | 

Total 

DiBpla(k>ment 
afr<>eting 
Cross Girder. 

Half End 
Bay. 

Triangular 

Projection. 

tons 1 

0*00 

tons 
- 16 

1 

tons 

+ 3*32 

tons 

-f 33*76 

tons 

+ 38*25 

1 tons 

+ 75-33 

tons 

— 59*33 


and the moments of these loads and displacements being calculated, it is found that they cause 
tensile and compressive stresses, respectively, on the top and bottom flanges of this cross girder, 
varying from 167 tons at centre, to 29 tons at points .24 ft. from centre. The depth of water pressing 
against the gates, when tho dock has on it a ship weighing 4400 tons, is about 8*5 ft., the total 
draught of dock being about 11 ft. ; so that the total pressure acting in a direction parallel to tho 
centre line of the dock is 48 ft. x 8*5 ft. x 4*25 ft. x ton a cub. ft. = 48*17 tons, say 50 tons. 
Considering tlie whole of this pressure as supported at tlie mitres and the gate posts, the thrust at 
sight angles to the centre line of the dock will be equal to J of this amount, multiplied by half 
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the distance between the gate posts, and divided by the rise to the apex of the triangle, or 

in ~ * *1 i s_ *v T horizontal plane 

as the centre of pressure of the water, or 5*4 ft. above the bottom flange of the cross girder, or 

2*8 ft. above the top flange; and the resulting stresses will therefore be = 120 tons 

. . J 58 tons X 2*8 ft. ai. u 

tension on the top flange, and 2^ ft ” compression on the bottom flange. 

These stresses if added to the stresses caus^ by the displacements, will give the total stresses on 
the top and Wtom flanges of the end cross girder. • 


Stresses 

Stresses 


due to 

due to 


Displaoe- 

Thrust of 

Total 

ments. 

Gates. 

Stresses. 

Tons. 

Tons. 

Tons, 

- 167 

- 120 = 

— 287 tension. 

- 167 

- 62 = 

— 229 compression. 

- 29 

- 120 = 

— 149 tension. 

- 29 

- 62 = 

— 91 oompression. 


Top flange at centre — 167 — 120 = — 287 tension. 

Bottom flange at centre — 167 — 62 = — 220 compression. 

Top flange 24 ft. from centre .. .. — 29 — 120 = — 149 tension. 

Bottom flange 24 ft. from centre — 29 — 62 = — 91 oompression. 

But when raising or lowering a ship of the same weight, a case might occur in which the water 
outside would bo nearly up to the level of the top of the gates, when the water inside the dock was 
10 ft. below the top ; under which circumstances not only would the total pressure against the 
gates be greater, but its centre of pressure would be higher, and constH|uently the stresses on the 
end cross girder would be considerably increased. A calculation was therefore made to ascertain 
what would be the amount of the tlirust under the worst possible circumstances, namely, when the 
water outside the dock is level with the top of the gates, and the water inside is only up to a level 

a little above tlje top of the cross girder, or the bottom of the gate, giving say 12 ft. difference 

between the outside and ttic inside water levels. In this case the pressure of water would bo 

48 ft. X 12 ft. X 6 ft. X ^ ton a cub. ft = 96 tons ; and the thrust taken as before would be 

111*4 tons, roughly 112 tons. The centre of effort of this thrust wotdd be 7 ft. al>ovo the bottom 

flange of the cross girder : and the resulting stresses would therefore be =301 tons 

* * o it. ' 

« X 112 tons X 4*4 ft. 

tension on the top flange, and 2*irFt “ compression on the bottom flange. 

Those added to the stresses caused by the displacements, which are practically the same as in the 
former calculation, will give the total stresses. 


Top flange at centre 

Bottom flange at centre 
Top flange 24 ft. from centre 
Bottom flange 24 ft. from centre 


Stre««('8 
due to 
Displace- 

Stresses 
due to 
Thrust of 

Total 

ments. 

Gates. 

Stresses. 

'I'ons. 

Tons. 

Tons. 

167 

- 301 = 

— 408 tension. 

167 

- 190 = 

— 357 coinprt.88ion. 

29 

- 301 = 

— 330 toDsiun. 

29 

- 190 = 

— 219 compression. 


The fact that the gates do as a matter of course boar upon the sill, and upon the vertical 
timbers on the ends of the main girders, materially modifies and lessens these stresses ; but in the 
absence of any other specially tiansvcrse stiffener to the dock at tliis end, it is advisable to make 
the end cross girder sufficiently strong. 

In each of the various plans already considered, with the single exception of careening by tlie 
aid of another vessel, it has been necessary tliat there should be some connection with the solid 
ground ; but Floating Docks, properly so-called, dispense with the necessity of any such connection 
with the land for the purpose of support, as the dej^ndence for support is on the water alone*, the 
only requirements being a sufficient depth of water, and a holding ground to which the a])paratus 
can be anchored. 

As early as 1785 a floating dock was constructed at Rotberhithe, Fig. 984. It consisted of a 
timber vessel, 245 ft. long, 58 ft. wide, and 23 ft. deep on the blocks, having an open end which 
could be closed by gates. Water being admitted into the vessel to sink it to a sufficient deptli, tho 
gates were opened, the ship to be repaired wras drawn in, and then the gates being closeil and the 
sluices shut the water was pum|)ed out, leaving the ship in tho Interior of a true floating dry dock. 
Mention is made of one vessel, the ‘ Mercury/ having been docked in this dock with groat success. 
No provision appears to have been made to regulate the descent of tho dock, nor to prevent it from 
sinking too low, and it is to be assumed that the material employed being wood, was in itself suffi- 
cient for this purpose. Docks of a similar character have been constructed at various times and 
places ; but in order to ensure stability they have been sunk between guiding piles upon a level 
bed, and were tlierefore not true floating docks, that is, docks independent of the lanu. Such a 
dock it appears was proposed to be constructed for the port of Havre about 1848. 

In 1809, Trevithick and Dickenson designed a floating dock or caisson of wrought iron, with air 
chambers at the sides fur floating the dock when its body ,was full of water. It was then to be 
sunk by admitting just as much water into the air chambers, as was required for making it very 
slightly in excess of the specific gravity of the water ; and the ship being brought over it, the 
caisson was to be raised by ropes, until its top edge was brought just above the surface, and then 
the water was to be pump^ out of the body of the dock, so as to make the caisson rise all roumi 
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the ship, leaving the ship aoceBsible for repair. The size of caisson prc^oaed was 220 ft. long, 
54 ft. wide inside, and 30 ft. deep, the top being surrounded by a flat rim, 6 ft. wide, to serve as a 
working platform, and also to strengthen the edge. The record of this idea appears to possess con- 
siderable interest, as showing that even so early as 1809, the possibility of constructing a wrought- 
iron caisson of these large dimensions was contemplated. 

The Sectional Floating Dock, iii vented about 1837 in the United States, Figs. 985 and 986. — The 
sections A A, from which the dock takes its name, are each comiiosed of a bottom caisson B, on 
the ends of which are raised frames C O, carrying platforms ana houses D D. The frames are 
made high enough for the greatest depth to which the dock has to be s^nk. so that the platforms 
and houses may nt all times be out of water. In the frames are placed air tanks E £, capable of 
vertical movement within the frames ; or rather the frames are capable of movement past the tanks, 
as the latter remain without much variation in reference to the level of the water that the dock is 
floating in. The connection between the tanks and the frames is made by means of rack and 
pinion gearing, worked off shafting which extends along the dock from the engines in the houses on 
the central sectifm. The same sliafting also works, in all the houses, pumps connected with the 
Ixjttom caissons B. In applying this dock for lifting a vessel, a number of the sections are brought 
h>gether, and secured to one another by tie-beams ; and sluice valves being opened to admit water 
into the caissons B the dock begins to sink. The gearing connected with the air tanks E is then 
put to work, so us to allow the tanks to remain at the surface of the water while the dock sinks to 
the desired depth, at which it is then held suspended by the air tanks. The sluice cocks are then 
shut, and tlm vessel is drawn into the dock and secured in a central position by breast shores. The 
pumps areilhen all put to work to raise the dock until the vessel takes the keel blocks, when tlje 
bilge bhxiks are hauled in to support her, and the pumping is continued, causing the dock to rise, 
lifting the vessel with it. In the act of rising the whole is in a state of unstable equilibrium, and 
would be liable to turn over, were it not for the air tanks, which by means of the gearing are still 
kept at tlie water level. By this arrangement, if the dock endeavour to heel over, it is at once 
rcHtmined by the air tanks, as it cannot change its perpendicular position without drawing those on 
one side partially into the water, and raising the opposite ones an equal amount out of the water. 
Thus if due precautions as to bulkheads be taken in the construction of the dock, to prevent an 
excessive force from being applied to turn the clock over, the side air tanks are sufficient not merely 
for determining the point to which tlie dock shall sink, but also for giving it stability both in 
rising and in sinking. Those sectional docks have been connected with a system of railways, so 
that a vessel might lie run off the dock on to the rails'and be repaired there, while the dock was 
used to lift another vessel. 



The Balance Dock, or Box Dock, introduced in the United States, consists of a pontoon bottom 
with two side walls. The pontoon po.s8'‘sscs sufficient dis]>lacenient to carry the whole weight of 
the diKik and of any ordinary vessel that has to be raised. The side w^alls are IjoIIow and of 
considerable width, serving the same purpose as the air tanks in the sectional dock, namely, to 
prevent the dock from sinking. I\)rt holes are made in these walls to assist vcmtilation, and the 
walls afford the means of shoring up the ship by breast shores as in a stone dock; on the top 
are the engine-house and pumps, and the working platform. For lifting the heaviest vessel that 
could be taken inside thc^ dock, gates have been fitted at the ends of the dock, so that it might 
float with the surface of the |xjntoou Ixdow the water, and thus acquire an additional amount of 
buoyant ix)wer according to the depth of immersion. 

989 . 990 . 



In 1859 F. J. Brain well designed a plan of floating lift, which combined the principles of the 
American hydraulic lift and of the floating dock. It consisted, Fig, 987, of two parallel floating 
pontoons A, carrying between them a framing B, on which the ship was to be lifted by chains, 
pulleys, traction bars, and hydraulic presses C. Two presses wei-e here applied to each traction bar, 
one at the further end and one halfway, the strains on the traction bars, and their requisite sectional 
area, being diminished ; and the presses were so arranged that they made the lift in two strokes 
of half the length. The pontoons were arranged to st'pamte into parts, when required for shorter 
vesstds at different places ; but when these piarts were used combined together for the togest ships, 
means were provided to ensure the preservation of the full strength of the pontoons as girders. 

In considering the principles of a good floating dock, and the defects most important to be 
guarded against, the first and principal renuirement appears to be, that tlie ship should be supported 
on as rigid a bottom as when on a building slip, or in a stone dry dock. This condition is not 
uuivorsally recognized, and on the contrary it is urged that^if a vessel h^aasumed a certain 
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distorted form in the water, this form ought to be retained when out of the water for the purposes of 
repair ; and it is alleged that this can be acoomplished bv giving the ship an elastio bearing, such as 
that afforded by the separate portions of the sectional dock, or by the somewhat yielding saucer of 
the Thames graving dock. The employment of an elastio bearing appears to F. J. Bramwell to 
be erroneous, because it is based on the assumption, either that the ship having already gone out of 
shape to a certain extent will not yield further, or that all the parts of a vessel are of equal weight 
a foot run, so that the elastio bearing will yield to an equal extent at all parts throughout the entire 
length of the vessel, which is evidently contrary to fact. 

The other reNquirements of a floating dock are stability, ventilation, facility for repair of the dock 
itself, and a minimum expenditure of power and time in lifting the dock. Tlie materials employed 
should be arranged in such a manner as to obtain a mH-Tcimiim of strength from a minimum of 
material ; and the design should bo one admitting of many repetitions of a few forms, so as to allow 
of the work being done to a few standard templates, avoiding as far as possible any necessity for 
welding heats and smith’s work. 

As regards t)ie question of stability, the dijQSculty is experienced not when the dock is raised 
with the surfiice of its floor fairly above the water, but during the time that it is in the act of 
raising or lowering a vessel. The stability of the dock when raised is great, as illustrated by 
Fig. 988, where A represents the centre of gravity of the dock with the vessel, B the centre of 
buoyancy when'^the dock is not heeled over, and C the new centre of buoyancy when the dock is 
heeled over. It vrill be seen tliat the new centre C is far outside the perpendicular from A , and 
that there is therefore a strong tendency for the dock to right itself. But when the dock has 
been sunk so that the bottom is entirely below the water line, then some contrivaifee must be 
resorted to not merely for keeping it from sinking but also from turning over. 



When the vessel in the dock is equally loaded on each side of its centre line, and is placed on 
the keel blocks perfectly in the centre of the dock, tlien during the raising of the dock the whole is 
free from any tendency to turn over, but at the same time is iii a state of unstable equilibrium. If 
the dock heel over a little the causes whicli would increase its inclination and turn it over are, that 
the centre of gravity of the ship and dock are no longer over the centre of support^ and that the 
water remaining not yet pumped out shifts its i)osition in the dock. 

If a floating dock, made without any longitudinal water-tight bulkheads, were half-full of water, 
and were to be heeled over sideways, so that the surface of the water should extend as a diagonal 
from comer to comer, the result would bo to shift the centre of gravity of the water to A, Fig. 989, 
one-third the width of tho dock from the lower side. But if tlie dock has one longitudinal water- 
tight bulkhead along the centre, Fig. 990, then the same amount of heeling over will cause the 
surface of the water to assume tho snapo shown in each compartment, which may bo looked on 
as being in two equal parts, a parallelogram and a triangle. The centre of gravity of tlio two 
parallelograms B C, D E, will of course be the same as before tho dock was heeled over, wliile the 
centres A A of the triangles being one-sixth of the total width from their lower ends, tho oominon 
centre of gravity G of the two will be at one-twelfth of the width from tho centre of the dock, or 
only half the distance of the centre of gravity in the former case, so that the effective moment tending 
to turn tho dock over is only one-fonrth of that which it was without a bulkhead. Similarly if three 
bulkheads were put in so os to divide the dock into four comportments, the effect of the water in 
turning the dock over would be reduced to one-sixtoenth of what it was when there was no bulk- 
head ; and generally the tendency of the water to turn the dock over, when it is at all inclined, 
diminishes in the ratio of the squares of the number of chambers into which the dock is divided. 

A A, Figs. 991 and 992, which are of a dock constructed by F. J. Bramwell for St. Thomas, 
West Indies, on these principles, are the main longitudinal girders, and B the separate transverse 
water-tight pontoons forming the bottom of the dock. These at Uie ends reoeivo the bottoms of tlie 
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main side girders, end as any one pontoon may have either to support the girders or to be partially 
supported by them, the connection has been mode by very ^rong attachments riveted to the 
pontoons, and having shanks extending down to the bottom. Gross'plates are placed over the 
diagonals of the main girders near the junction of the diagonals with the uprights, and on these 
nlates bear strong cotters, so that if one of the pontoons were quite full of water it could be lifted 
by the others without injury. 

The ship is supported in the usual way upon the keel blocks C, which are provided with folding 
wedges. 

The bilges of the ship are supported by hinged bilge-shores N N, which are provided with soft 
wood ceps and wedges to take the immediate bearing against the ship, and are upheld by pauls of 
two different lengths, so that when the range of the shorter pauls is passed the longer pauls come 
into play. These pauls take into rack plates, which are supported on transverse timbers. The 
pressure produced by the bilge-shores is transmitted mainly to the longitudinal water-tight bulk- 
heads J in the pontoons. 

The bottom members of each of the main girders A A are formed not only to resist extension, 
but are provided with sufficient lateral stiffness for resisting compression, by being composed of two 
parallel double girders P P, connected at the bottom by horizontal struts and diagonal ties. 

There are in oil twelve floats T, one to each of the two main girders A A; each float is 
46 ft. 9 in. long, 11 ft. 3 in. wide, and 5 ft. deep. 

The deck on tho top of the main girders A A of the dock is widened by brackets for a length of 
100 ft. at tho centre, and on this part are erected the engine-houses W W, with workshops at tlie 
ends. 

For tho purposes of working, tho dock may be considered as divided info four independent 
sections, for in each of the two engine-houses the engineer has the power of working, independently, 



the set of three pumps on tho right, and the set on the left ; and the same with regard to flio floats 
and the inlet valves. In order to lower the dock for receiving a ship, the inlet valves are all opened 
to admit the water into the ends of the pontoons as far as the wahr-tight bulkheads J ; the central 
I)ortion never requires to l )0 filled. While the dock is sinking, the engines working the regulating 
screws U, art; put to work at such a speed os to keep the floats T always one-half immersed in the water. 
When the dock is sunk to tho re<iuired depth, the inlet valves are shut, and the ship, which has 
been moored close to the dock moorings and to the windward of the dock, is hauled in over the 
keel blocks, and adjusted by moans of breast tackles and shores. The pumping engines are then 
put to work, and the dock is raised until the keel blocks just take tlioir beariug^against the vessel ; 
and the bilge-shores being hauled taut so as to secure the vessel thoroughly, the pumping is 
resumed, and tho screw engines are put to work at their slow speed, so that as the dock rises the 
floats are still maintained just about half immersed. 

A reason for discarding the use of slips and lifts would be that they are dependent on the earth 
for their support. This objection does not apply to the sectional nor to the balance dock, both of 
which have tho advantage of being wholly indetiendent of tho land. 

In the St. Thomas Dock, altliough the lower part is composed of six separate pontoons, for 
facility both of original construction and of subsequent examination and repair, the objection 
applying to the sectional dock of want of rigidity is got over by the use of the strong side-girders. 
These are provided with a double set of diagonal^ and have their top and bottom members 
made of suon strength as to be ca|>abl6 of resisting a strain tending to depress either the middle or 
the ends. 

As regards stability, the balance dock, mentioned at p. 455, gives nothing to fear so long as 
the up|ier surface of tho bottom is fairly above the water, hectiuso on any attempt at heeling over 
the rectangular bottom, produws a change in tho position of tho centre of buoyauce, so rapid com- 
pered with any slight inclination of the dock, that the tendency to right itself is very strong indeed. 
In Fig. 993, i^ing A B as tho water line, tho balance dock is shown fully raised and heeled over ; 
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and the power of restoring an upright position to the dock, under these ciroumstanoes, has already 
been fully investigated in reference to Fig. 988. But when the dock, while in the act of being ralsea 
or lowered, has ito floor wholly immersed, as shown by the water Kne O D, then the tendency to 
restore equilibrium is not so great, as the efiect of the whole triangle £ F G is diminished by that 
of the interior figure H I K L. Moreover, there is at that time within the dock a largo amount of 
water, the centre of gravity of which is, of course, shifted by the heeling over ; and the eflect of 
this is most serious, unless a sufficient number of bulkheads be provided to subdivide it into small 
sections. From whatever cause the stability of a balance dock may liave been disturbed, the eflect 
of its sides to restore equilibrium, can be increased only in proportion to the amount of heeling 
over, and can never be caused to exert any eflect in excess of this. If therefore a balance dock has 
once heeled over, it cannot be righted by its side, so long as the force which caused the heeling over 
is continued. 

With the side floats, however, in the St. Thomas Dock the cose is different, as the position of the 
floats in reference to the dock can be controlled as desired ; and in the cose of any heeling over an 
extra immersion can immediately be given to the floats on the low side, while those on the high 
side can at the same time be raised more out of the water. By this means, when the heeling over is 
only slight, and the tendency to heel over further is also slight, the floats can be made to exert as 
great a counteracting power as the walls of the balance dock would have when the heeling over was 
great, and therefore the tendency to go farther also proportionately increased. 



When a dock is connecbxl with a tidal harlx)ur, river, or other water-way, the surface level of which 
is liable to vary considerably, as with Exonvated Docks, already treated at some length at p. 1234 of 
this Dictionary, the passage by which vessels gain access is provided with massive water-tight gates, 
constructed so that when closed the water is impounded in the dock, and maintained at a fixed level, 
notwithstanding the fluctuations of the outer water-way. To receive and support the gates, the 
passage is constructed with side walls, and a floor or sill Figs. 994 and 995, the latter usually 
having the form of an inverted arch. In each side wall, recesses c are formed the full depth of tlio 
walls, and sufficiently large to allow the gates, when open, to stand back in thorn clear of the fairway 
of the passage. The area of the floor traversed by the gates in oi)ening, and termed the gate platform 
c, is usually made level and somewhat below the lowest level of the sill ; tlio step from the sill to 
the platform, termed the clapping sill /, has a vertical face, and is shaped horizontally to form a 
water-tight junction with the gates when shut. Square ouoins n, forming the ends of the recesses 
nearest the dock, are solely for tlie purpose of protecting the gates, and should be of great strength 
to withstand the heavy blows to which they are subjected from passing vessels. The ends of the 
recesses farthest from the dock are the support-s for the gates, and require to be made of suitabb* form 
and strength ; they are termed hollow quoins k, and are generally constructed of massive blocks 
of granite or other hard stone, backed by counterforts of sufficient size and weight to withstand the 
thrust of the gates ; the most common form of hollow quoins is that which prestmts in plan an 
outline more or loss similar to an ogee moulding. A modification of this form in use at the Liverpofd 
Docks, is shown in Fig, 996, with dimensions for gatc'S of 60 ft. span. These hollow quoins are sot 
with the axes of the curved face strictly vertical, so that they form hollow curves extending the full 
depth of the wall to the level of the platform on either side of the passage, the hollow face of the bottom 
blocks forming the terminals of the clapping sills. The gates consist of two exactly similar water- 
tight doors, and the hinge or heel-post n of each gate is vertical and rounded, so as bj correspond 
with the hollow quoins, the round of the heel-i) 08 t fitting into the hollow of the quoins, and forming, 
together, the hinge about which the gate turns and the abutment tiy wliich it is supported. When 
moving, the gate is kept in place at the bottom by a pivot and socket connectitig the heel-post with 
the masonry of the platform, and at the top by an iron strap passing round the upper extremity 
of the hollow post, securely anchored into the structure of the side walls. Each gate is somewhat 
longer than half the width of the passage ; being similar, they meet in the centre line, and form 
with each other a more or less obtuse angle, having a convex side towards the dock. Tiie meeting or 
mitre-post of each gate is atl ached to the vertical end framing of the gftte, so that when the gates 
are shut the meeting face extends the entire depth, and ooincitles with the centre line of the passage. 
The mefiting faces of the gates consequently form, when closed, botli a water-tight joint and mutual 
abutment. When the gates are of a large size the weight of tlie gate is greater than can be allowed 
to remain in the attachment of the hollow post, unless means are adopted to rofluce the working 
weight by the aid of flotation or otherwise, and even then it is necessary to provide against acci- 
dents from defective fastenings. A frame or rest is then provided with a travelling wheel or 
roller, which supports the gate near the mitre-post. The roller rests on an iron way, laid on the 
gate platform along the path which it traverses ; during the pressure of opening or shutting the gates, 
provision is made by means of wedges, screws, or levers, fur adjusting the roller to the gate as the 
materials wear or circumstances require. As the roller path forms the segment of a circle of which 
the centre is the axis of the heel-post, it follows that tho outer edge of thu roller has to travel a 
greater distance than the inner edge in tho same time. To avoid sledging, the rollers should bo 
made conical to a corresponding degm, and the axle on which the roller turns sliould coincide with 
a straight line radiating from the axis of the heel-post. The method usually adopted for opeuidj^ 
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and shntting large gates is a system of chains, each gate being provided with an opening and closing 
chain A, attached to the back and front respectively, the attachment being as near the sill and mitre- 
posts, and as low down as can conveniently be arranged. 

The details of the opening and shutting of dock gates have been previously dealt with in this 
DictionRry. 

In all rivers and most harbours, water is more or less charged with solid matter and deposits 
considerable quantities of solid ; to scour the gate platform, and prevent such an accumulation of 
solid as wouht interfere with the working of gates, a series of small openings on a level with the 
platform are frequently constructed in thq walls of the gate recesses. These openings communicate 
with culverts / which pass under the side walls and the hollow quoins and discharge into the outer 
water-way. Cloughs or penstocks g are placed on the culverts to admit of their being opened or 
closed as required. The culverts, in addition to the facilities they offer for scouring, afford a means 
of regulating the level of tlie water in the dock. Sluice openings provided with paddles are 
frequently constructed in the gates. 

If the surface of the water impounded in the dock is at a higher level than that of the outer 
water-way, the pressure on the gates due to this difference in level has to be withstood, but 
conveyed to the side walls by the structure of the gates. 
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A. F. Bhindy, in a paper read before tlie Institute of Civil Engineers, 1879, points out that if 
the d(X5k gate be imagined to bo divided by a scries of cross-sections into a number of vertical strips, 
each strip being of unit length and the full depth of the gate, then the total pressure of any such 
strip will be the pressure by unit of length of the gate. 

Let p — total pressure on any strip as above, or the pressure by unit of length of gate ; 

W = weight of water by unit of measure ; 

D = depth of sill below highest water level ; and 
d = depth of sill below lowest level of outer water. 

Then p = ~ (D* - <Py 

Tlie mutual action of the gates on each otlier is in practice liable to vary ; and three oases must 
bo considered ; — 

1 . The gates may be constructed so that, when under pressure, the meeting faces of the mitre- 
posts bear fair and true against each other, and distribute the mutual reactions uniformly through- 
out the width of the meeting faces. This is the normal condition of things. 

2. Foreign substances, such as ohi[)s of wood, may intrude ; or the gates may wear, and become 
a little too fiiiort, causing them to nip on the dock, or inner edges of the meeting faces. 

8. The gates may bo a little too long, in which case they will nip on the outer edges of the 
meeting faces. 

However truly a pair of ^tes may apparently be fitted, it will be impossible for the engineer to 
be certain that the meeting face's of the mitre-posts boar on eiich otlier at any particular point, or at 
any spoolfied portions of their surface, and the aooident of nipping must be provided for, as it may 
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throw the line of pressure either to the extreme inner or extreme outer edge of the meeting faees ; 
the effect of nipping will generally be to increase or diminish the normal bending moment at any 
section by a quantity that may be very readily ascertained from the methods of resolution by the 
pressures. 

In examining the effect of direct compressive stress comlnncd with bending moment such as occur 
in dock gates, it is necessary to consider tlie effect on rectangular wooden beams ; and the effect on 
solid rectangular wwden beams supplemented by wrought-iron truss rods, as well as upon wrought- 
iron girders composed of flanges connected by the centre wheel. Also when the gate is built in 
divisions corresponding to the voussoirs of an arch, and either depends entirely on the arch form for 
its power of resistance, in which case no tensile stress can be allowed, or else is assisted by supple- 
mentary connecting pieces necessary for this form of gate, to combine the vvhole into one suitable 
structure capable of being moved and strained in various directions without dislocation. Tlie wooden 
gates in use throughout the Idverpool Docks are of this type. It is necessary to reconsider here 
the effects of stresse s on wooden beams. Whore the gate depends entirely on the arch form for its 
stability, the joint between two divisions or voussoirs is the critical point requiring attention. When 
the gate is built in divisions of small curvatures, with the assistance of supplenieiitary connecting 
pieces, the joint between two divisions may be still regarded as the critical point to W. considereii, 
and it may be assumed that the plane of the joint is made perpendicular to the axis of the gate. 
Although it might appear that this gate could be regarded as a form of bowstring-girder, the con- 
sideration would be inaccurate, as there is nothing to transmit longitudinal stresses from tlie bow 
to the string, the transverse bolts being insufticient for that purpose. When the action of a bending 
moment causes the gate to deflect, the result will be that the transverse bolts, although allowing the 
voussoirs and connecting pieces to slide on each other longitudinally, w'ill retain them laterally in 
their relative positions to eacli other; consequently they will liend through similar angles, and the 
total moment of resistiince will be the sum of tlie moment of resistance duo to the connecting 
pieces. The direct compressing force will be entirely on the voussoir and may lie taken as acting 
along its centre lino, whence the value of the bending moment may be ascertained. Blandy has 
suggested, in the valuable paper from whieh wo previously quoted, that with gates of this form, 
connecting pieces should be made of suifleient strength to withstand the wludo of the bonding 
moment if necessary. At the same time the voiis.soirs should be of dimensions determined by the 
timber to ho made use of, and in fixing this limit it should bo reni(‘nibered that the innximiiiii 
intensity obtained by ordinary inethotls of analysis corresponds with the maximum intensity on 
compressed fibres of a beam subject to transverse stress, rather than to intensity on a strut subject to 
direct stress; for instance, if when designing an ordinary strut, the working intensity is fixed in the 
ordinary manner at 1000 lb. on the square inch, then in the case of a dex^k gate of tlie same materials 
the limit of intensity might siifely be fixed ahi> at 1000 lb. on the square inch not>\ith&tuuding that 
the maximum intcubity may be double this. 

995 . 



Tho divisional, or vous.soir principle, presents several advantages for dock gates built of timber 
The timber used need not be of unusual dimensions ; the gates can be* built in the workshop, and 
then readily r€*moved piecemeal to their places; they are easily eri'cted, an<l, if properly constructed, 
will stand a consitlerablc amount of rough usage, the la.st being by no means an unimportant 
qualification. Their construction, however, requires careful supervision ami skilled workmanship, 
which in some places may not be readily obtainable. 

As regards the general outline of these gates, Blandy’s investigations point to the conclusion 
that the nearer a gate approaches the form of the true circular arch, the stronger it will be, other 
tilings being equal ; or, expressing the same thing in another way, with (xjual strengtli less 
mahirials will be required. In many instances, however, the coimoctiiig pieces l)ecx>nie cumbersome 
and of awkward shape when the circular arch is adopted ; a difficulty which is to a great extent 
obviated with the pointed arch, the latter form rendering the gate more compact. It will th(;reforo 
frequently be preferable to adopt the pointed, instead of the circular arch, even at tlit^ sacrifice of a 
certain amount of timber, tho value of the latter being a mere trifle when compared with tho total 
cost of a dock and its fittings. 

In designing a gate of the pointed arch form, care must be taken to keep tho bending moment 
within the limits of the moments of resistance, bcfiriug in mind that as the curve of the gate is 
fiattencKl so are the bending moments increased. Tho joints should of course be perpendicular to 
the forces they have to resist. In fitting tho gates, since it is impossible to force the heol-post as 
tight up against the hollow q^uoin as when tlie gates are under pressure, it will be best to make 
them as nearly true as possible, giving a slight prefereneci in favour of nipping at tho outer or 
concave side of tho mitre-post, that is, to make the gates apjiarcntly very slightly too long. Tho 
wat(ir pressure and wear at the heel-post will soon bring tliem to their true form ; and in the mean- 
time. in the case of the pointed arch, nipping at tho outer side of the mitre-post will tend to lessen 
the bending moment at the centre of the gate. 

With wooden gates such as those referied to, changes of form due to pliability of material may 
be neglected, if the strength is calculated on tho assumption tliat the gate is subjected to tho 
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extreme condition of nipping at the inner side of the mitre-post. When considering the effect of 
nipping, it must be remembered that accidental nipping will only occur at isolated points through- 
out the depth, generally near the surface-level of the water ; and the effect will be distributed by 
means of vertical framing, so as really to amount to but a small fraction of the normal stress. 
What may be termed structural nipping is of more importance, and may bo defined as that caused 
by the gates being a little too short, or by the faces of the mitre-posts being cut to a wrong angle. 
But unless great carelessness has occurred in the fittings, and the faces of the mitre-posts are cut 
away to an extraordinary degree, the changes due to pliability will not increase the stresses, but 
rather diminish them. The effect of pliability will be to flatten the curve of the gate when under 

ressure, and by so much to increase the bonding moments; 

ut at the same time the meeting face of the mitre-|X) 8 t 996. 

will have the inner edge drawn back, and the outer edge 
thrust forward, so that the centre of stress will be trans- 
ferred from the inner edge to some point nearer the outer 
edge, and the bonding moments will bo reduced accordingly, 
more than oounterbalancing the increase due to the flatten- 
ing of the curve. If, however, it is assumed that the faces 
of the mitro-posts are so cut away that under any condi- 
tion of curvature they can only meet at the inner edges, 
the change of form duo to pliability may increase the 
stresses on the gate. The bending moments throughout 
the gate when nipping at the inner edge of the mitre-posts, 
increase from nothing at the heel-post icy a maximum at the 
centre, and again diminish towards the mitre-post. The 
alteration of curvature under pressure will vary with the bending moments, so that the arc of the gate 
will assume a somewhat cUipticul form. As it is very flat, however, a close approximation may be 
obtained by assuming tliat tlie alteration varies uniformly, and that the new form, instead of l>eing 
elliptical, is that of a circular arc, such ns would be caused by the action of a series of uniform 
liending moments (3qually distributed throughout the length, and of which the moment at any 
point is equal to the mean of the actual bending moments on the gate. To be in excess this may 
DC taken as equal to ^ths of the bending moment at the centre. 

Then, if It = the radius of the arc A C) B under pressure, r = the radius of the arc A O B in 
the normal state, t = the distance from the neutral axis to the convex side of the gate, I = the 
mean of maximum intensities on the convex side due to the l 3 cnding moments, and C = the 
coefficient of elasticity ; the new radius of curvature can bo found from the equation 
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If L = the length of arc in the normal state, I = the length of arc under pressure, i = tlie 
intensity of stress due to direct force ; — 




The chord and versed sine of the arc A O B under pressure will therefore bo those of an arc of 
which I = the length, B = the radius of curvature. 

In the case of wrought-iron gates, there is presented for consideration the effect of direct stress 
combined with bending niomcnt on a wrought-iron girder composed of flanges connected by a 
centre web. It may bo assumed that the girder is constructed in such a manner that the plane of 
action of the forces corrcspomls with the plane of the web, and that the flanges are perpendicular 
to this plane, so that in the case of a dock gate, it is assumed that the webs are horizontal and the 
flanges vertical. Proctictilly, on account of the various contingencies to which a gate is subject, it 
is necessary not to reduce the thickness of the web beyond a certain limit, which usually exceeds 
that theoretically required to resist shearing stresses. The thickness and consequently the sectional 
area of the web are questions for the personal experience of the engineer, but the smaller the 
web the leas will be the total section required. In most cases the practical method will be to dis- 
regard the web, ami to find the dimensions of the flange opix)sed to the load, or back flange, and of the 
hunt flange, throwing in the web as a margin of strength. When the bending moments are small 
ami the stresM^s comparatively light, as in tlie upper jxirtion of a gate, it may bo desin^ble to take the 
web into consideration. This consideration would treat the system as if it was a girder with only 
one web, whereas a gate has several webs. lu computing the strength, a gate may be taken either 
as R whole, and then proiwrtioned throughout its vertic^il height, or it may be divided into 
horizontal layers, and the strength of each layer computed separately. As to the general form of 
a wrought-iron gate, there can be no doubt that theoretically the most otlvantageous form is that in 
which the waiter pressure produces no bending moment, when the line of centre of gravity of cross- 
section corresponds with the centre line of tlie gate, and when the centre lines of both gates form 
togetlier one continuous arc of a circle extending from centre to centre of the heel-posts and passing 
through the centre of the meeting faces of the mitro-posts. As regards the rise, P. J. Bramwell 
has pointed out that tlie most economical form of gate is that in which a pair of gates when shut 
form a continuous arc subtending an angle of 133® 66 ' at the centre of the circle of which the arc 
forma a part. The rise of the gates is thus equal to the width from centre to centre of the heel- 
posts multiplied by 0*82958, in round numbers when the rise equals one-third of the span. It 
would be useless to attempt to arrive at any general form for the investigation of the variation of 
sfless due to alteration under pressure, as every gate must have its own peculiarities. Practically, 
if the strength of a gate is calculated on the bases of the extreme cases of nipping at the inner and 
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outer edges of tlie mitre-post, the iuoreased stress due to alteration of form under pressure may be 
safely ignorc*d. 

The most economical is not necessarily the best form of this important part of a dock, and as it 
is a comparatively small item of the cost, its outlines should be designed with a view to the general 
convenience and requirements of its construction rather than to the structural economy of the gate 
itself. 

. Gates with a large rise and sharply curved backs require deep recesses on the side walls which 
are not always admissible. A deep bay in the fair line of the side wall when the gate is open is a 
source of inconvenience to ships passing through, and is to bo avoided if practicable. A. F. Blandy 
is of opinion that for small and medium sized gates up to 60 ft. clear spans, the line of direction of 
the resultants is the continuous arc passing through the centres of the heel-post and of the meeting 
faces of the mitre-posts, and having its centre on the centre line of the entrance, the rise or versed sine 
of this arc being one-sixth of the span from centre to centre of the heel-jwsts.^ The back of the gate 
is the half of a circle of such a radius that at the middle of the gate it coincides with the arc of 
the gate. The front of the gate is a straight line from heel to mitre-post ; with this form the 
recesses in the side walls will not be inconveniently large ; the faces of the gates when open will, 
with the ordinary fenders, be in line with the side wall of the entrance, and the gangway at the 
top will form one straight path with the coping of the side wall, convenient for the gatomen 
carrying heavy warps backwards and forwards. As to the gate itself, the form would allow space 
for workmen to obtain access to the interior for repairs, and the width would give considerable 
flotation power. The straight face would permit of the gate being braced diagonally from the top 
of the heel-post to tlie foot of the mitre-post, and thus enable the greater part of the weight to be 
sustained by the anchor strap, to the relief of the roller. 

The depositing dock. Figs. 997 and 998, a form employed with much success by Clark and 
Stansfleld, diflers from the other docks in as much as the vessel is not merely raised out of 
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the water, but is deposited bodily in fixed staging along shore, so as to be virtually on dry land ; 
the peculiar feature of the dock consists in the employment of a series of fingers or pontoons, 
which project beneath the vessel, and on which it is raised. These fingers are rigidly connected 
at one end, by a strong vertical side, composed of a very large tubular girder tlio whole length of 



the dock, and which holds each pontoon rigidly in its position, the whole resembling the teeth of a 
comb. This girder, or side as it is tenned, is of such a height that it is never quite submerged, 
although the pontoons which are attached to it are submerged sufficiently to allow the vessel to 
float over them. It contains the engines, pumps, and valves for working the dock. 

In Fig. 997, A is the side of the aock, JB the pontoons, and 0 the outrigger ; this gifes 




DOCKS. 468 

stability to the dock, which is seen with the vessel resting upon it. In this case it may be used 
as an ordinary dock, the vessel being everywhere most conveniently accessible for repairs. 

It is not essential to have depositing stages in the first instance, but the capabilities of the 
dock do not fully come into play unless these are provided. The stages are independent of the 
dock, and are formed of timber or iron piles firmly secured on the ground, and braced together, 
forming a number of narrow piers on which tlie vessel rests. These piers are alx)ut 5 ft, broad, and 
are usually from 10 to 15 ft. apart; the jx>n toons carrying the vessel upon them are arrang^ at 
corresponding distances, so as to float in between them. When in this position, by admitting a 
little water into the pontoons, the vessel is lowered on to the piers, where it is received on keel 
blocks and bilge blocks in the usual manner. Fig. 999 is a plan of the sbigo, the dotted lines 
indicating a vessel thus deposited on the piers. When the dock is removed from beneath the 
vessel, it is ready for repeating the operation. One dock can thus be used to rest and deposit a 
number of vessels, and again lift tliem into the water at pleasure. 



As the dock has only one side to it, special means are required for keeping it horizontal when 
at work ; this is effected by the outrigger C, Fig. 997, which is a broad, shallow pontoon, floating on 
the surface close to the dock, and is provided with sliding grooves attached to the side ; it maintains 
the dock in a horizontal position as it rises and falls. The stability thus given may made as 
great as is desired, but it is usually arranged to equal that of a dock with two sides. In raising a 
vessel she is first brought over the dock, and secured in position by ropes and shores in the usual 
manner. Water is pumped out of the dock until it rises, and the vessel bears firmly on the keel 
blocks. Very broad sliding bilge blocks are then hauled under the bilges of the vessel, so as to 
form an unusually broad and stable cradle, and the pumping proceeded with till the vessel is fully 
raised. As regards the structure, both the side and pontoons are divided into a number of separate 
and watertight conqiartments, some of which are permanently sealed up, so that it is impossible to 
sink th(j dock either by design or accident. The middle portion of the pontoon, on which the chief 
weight of the vessel rests, is strengthened by extra frames and bulkheads ; and as the pressure of 
the water on the submerged pontoons is sometimes equal to 15 lb. a square inch, a framework of 
iron is arranged within them, and also within the side. 

TJie dock is constructed in two portions, each of which is complete in itself, and is provided 
with a separate set of appliances, so that either half may be used for docking small vessels. Each 
half of the dock is also arranged to raise the other half out of the water, without careening, so tliat 
either part is readily nccessible at any time for cleaning and repairs. Iii depositing the vessel, 
this cun only be done when tlie water is at a certain level, varying a few feet more or less, which 
ditference can be adjusted by the blocking ; where there is large fluctuation in the tide, the dock 
can only ho used at or about high water ; it is therefore desirable to arrange the position of the 
stages where there is no great variation of levels. The depth of water required between the stages 
is only tliat which is sufticient to float the pontoons, but at the spot where the dock is lowered to 
receive the vessel, a greater dentb, equal to its draught added to the depth of the pontoons, is 
necessary. The total depth may generally l)o ttiken as one and a half times the draught of the 
vtissel. If the general depth is not sufliciont for this, the space will have to be dredged out to the 
required depth to receive the dock; when this is arranged it is surrounded by a framework of 
timber, which is first floated on in pieces to the spot, and then sunk into position by being loaded ; the 
sides of the framework project about a foot above the general level, and thus prevent accumulation 
of sand or mud within the spuc^. The dock is, however, provided with powerful mud pumps, and 
can at any time clear out its own Ijody with facility. 

The pumps, engines, and valves are contained in the side of the dock, the pipes are divided into 
four groups, controlled by valves corresponding to the four comers of the dock, so that level is 
regulated with ease. 

The outrigger which ensures the horizontal ^sition of the dock when it is submerged, is a 
broad, flat, shallow pontoon, the whole length of tne dock, divided into several portions, which are 
again subdivided into compartments. It is loaded with ballast until it floats to about half its 
depth. Each portion is attached to the dock by slight cast-steel slides, somewhat resembling the 
cros)-head of a steam engine; they slide up and down on strong H-shaped irons, which extend the 
whole height of tlie side of the dock, by an arrangement of pins ; any one of these can be 
detached or replaced with facility, and they are so iitt^ that they cannot set fast. As soon as the 
outrigger, or spirit level placed on the dock shows that the latter has any tendency to rise or sink 
faster on one side than the other, a slight adjustment of the valves will bring it back to its proper 

S osition. The outrigger pontoons may be utilized for carrying a pair of shear-legs, so as to form a 
Gating derrick. This can be detach^ and used independently if necessary. It is stated that 
time occupied in docking a vessel of the largest size does not exceed two houra, and the lowering 
occupies about half on hour. Smaller vessels can be raised, righted, and lowered again in about 
one hour and a half. 

The depositing dock is not adapted to every situation, and Olark and Stansfield have designed 
a new dock, Figs. 1000 to 1002, termed a double-power floating dock, which was described to the 
Instttute of Naval Architects in 1879 by Latimer -J/ V 




lowered, and to make the dock unsinkable even if all the valves were purposely left open. A A are 
the sliding parts of the sides ; they extend along the greater i>ortion of the lengUi of the dock, and 
contain the engines and pumps. C is the pontoon or l)ody of the dock, which is provided with 
pointed ends, in order that the buoyancy may be principally given under the heaviest part of the 
vessel, and to enable the d(K!k to be towed easily. 

Fig. 1001 is a side elevation with the vessel raised, and with the sliding sides A A lowered, so 
as to utilize their buoyancy. The sides are guided in their movement by a great number of stool 
slides attached to strong vertical 

side shoring frames ; these serve the 1002 . 

double purpose of shoring the vessel 
and acting as guides for the movable 
sides. 

The upper box slide is first 
secured by two pins to the shoring- 
frame slide ; the side of the dock 
is now free to rise and fall, sliding 
through the box slides. As soon as 
the slide rises to the desired level, 
pins are inserted through the slotted 
holes in the box slide, ami as soon 
ns these pins take their bearing, 
the holes will also be fair to receive 
other pins, which will keep the side 
rigidly in position. The dock and 
eliding sides are now securely 
attached. These slides occur every 
6 ft. on each side of the dock. 

The two engines drive centrifugal pumps, controlling each side and each lateral half of the body 
of the dock. The power is communicated from the sides to the pumps in the body of tho dock by 
means of bevelled wheels, one of which is fixed, and the other slides up and down on a grooved 
vertical shaft, fixed on the pontoon and connected with the pumps below. In very largo docks tliero 
might be an advantage in placing the engines in tho four comer towers, and in some cases tho 
towers can be dispensed with. 

Before lowering the dock to receive a vessel, the sides are fixed in such a position that tho 
dock is in the ordinary form, and water being admitted in the usual manner, it sinks to tho required 
level. 

The vessel having been admitted, and slightly lifted and shored in the ordinary way, water is 
pumped out of the pontoon* of the dock only, until the whole of its buoyancy has been brought into 
action. At this stage of the operation, the vessel being half raised, the water in the two sides is so 
regulated that they are successively made just self-supporting, and neither add to nor detract from 
the power of the dock. There are ready means for ascertaining this point. In order to complete 
the operation and bring the whole power of the dock into action, one of tho sides is then unpinned, 
and water admitted into it until it descends to its lowest level, the top being allowed a freeb^rd of 
about 5 ft. ; it is then rigidly pinned and secured in its new position, and the other side is lowered 
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and secured in a similar manner. It is now only necessary to pump water out of these sides to add 
their submerged buoyancy to that of the dock, and so complete the operation. 

The hydraulic grid, desig^ned by Clark and Stansfield, is similur to Edwin Clark's hydraulic 
dock, but the presses are sunk in the foreshore of a river, and placed beneatli the vessel to be 
raised ; the heavy guiding columns and cross girders can thus l)e dispensed with, as is also the 
pontoon, its place being supplied by a simple wrought-iron grid, upon which the vessel is shored 
and raised. This effects considerable economy in the cost of construction. 

DRAINAGE. 

In draitiing for agricultural purposes, a map of the land is first made from a careful survey,^ 
plotted to the scale of from 50 to 100 ft. to the inch, and the positions marked which may inter- 
fere with tlie regularity of the drains, such as large trees, rocks, and the like, together with existing 
swamps, springs, and open drains. The contour or horizontal lines of the land, that is, the Hues of 
equal elevation, are then clearly marked, as they serve to show the shape of the surface ,* >the~matbod 
of-cfiectingthis hns already been doBcril^ Ofthis Dic t ion a r y. With the maps so pre- 

pared, the plan of drainage can then bo decided upon. Where niassos of underground rock are 
supposed to exist, soundings sliould be made by driving a ^inted iron rod down to the rock. In 
most cases it will bo sufficient to have contour linos taken at intervals of 2 ft. only, but in many cases 
the skilled engineer will stake out the drains at once, by the aid of level and rod for the flatter por- 
tions, and by the eye alone for the steeper slopes ; but this reejuires consulerable experience. __ 

Tho outlet should be at the lowest point of the boun<lary. unless for some special reason it is 
necessary to sink an outfall otlior than the natural one, and it should bo deep enough to take the 
wnter of the main drain, and laid on a sufficient iuclinatlou for a free flow of the water ; it should, 
where sufficient fall can be obtained without too great cost, deliver tho water over a step of at least 
a f<iw inches in height, so that the action of the drain may be seen, and also that it may not bo . 
liable to be clogged, by the aocumnlation of silt in the open dit(‘h to which it flows. 

Tho main drain should usually be run as low down in the principal valley us can be arranged, 
with due regard to regularity. It is bc*tter to cross the point of tiio bill to the extent of increasing 
the depth for a few rods, tluiri to go a long distance off tho direct course to keep in the valley, both 
because of tho wst of the tile used in tho main, and tho loss of fall occasioned by the longtliening 
of the lino. Tho main should he c<»ntinued from the outlet to th(‘. point at which it is most conve- 
nient to collect the suVmains, logetlier with the wnter of several lateral drains; the depth of the 
main is often restricted, in nearly h vel latid, toward the upt>or end of the flat which lies next to the 
outh't, by tho necessity for the fall, and the difficulty which often exists in securing a sufficiently 
low outlet ; where such is the case, tlie only rule is to make it as deep as possible. When the fall 
is sufficient, it should be placed at such a depth as wdll allow the lateral and sub-drains which 
discharge into it, to enter at its top, and discharge above tho level of tho water which flows ; 
through it. 

Sulisidiary mains connected with the main drains should be run up the smaller valleys of the 
land, skirting the bases of the hills where the valley is a flat one ; with the rising grounrron cither 
side shoultl he a sub-main, to receive the laterals from each hill-side. As a general rule, the colloet- 
ing drain at the foot of the slope, should be placed in the line which is first reached by tho water 
flowing directly over the surface, l>efore it counnences its lateral inovomont down tlie valley, and it 
should, if possible, he so arranged that it lifts a uniform descent for its whole distance. The proper 
arrange I rieiit for these collecting drains requires much sldll. 

Where springs are encountered, some provision should be made for collecting their water by 
digging a pit some distiince below the level of the drain, and filling it in with loose stones, gravel, 
or other rubbish, or the water may bo wuveyed away by a line of tile run directly to the main. Where 
n large shelving ledge of r<Kjk oocurs in land to l>e drained, it is advisable to collect at its base the 
water flowing <»ver its surface, and take it to the main, so that it may not make the surrounding land 
iiiululy wot. To efftKjt this, a ditch should be dug along the base of the rock, and quite down to it, 
deeper than the level of the projfOfted drainage ; and this should he filled with small stones to that 
1(3 vel, with the lines of pipe laid on top of the stones, a uniform bottom for the pipe to rest upon being 
formed. Tho tiles should he covered with inverted sods, to prevent the entrance of earth to choke 
them. The water falling down the surface of the rock will rise through the stonework, and enter- 
ing tho tiles, will flow off. This method may also bo used with springy hill-sides. 

The lateral drains constitute tho retil drainage of the fields; we shall assume in speaking of 
them, that they are to he applied to one of the more simple ftiims of drainage, that in which a 
large tract of land of uniform slojx* is drained by paralHd lines of cnjual length, all discharging into 
th(^ main running across tho foot of the flat. It is best, in practice, to approximate as nearly as 
possible to this arrangement, because devialioms Irom it, although always necessary in broken land, 
are expensive, and present a somewhat complicated problem. Tlie depth to which the water 
shonhl be withdrawn does not appear to depend upon the character of the soil, but upon the 
requirements of the crops which are to Ije grown upon it; and as thtise requirements are similar in 
nearly all cas(.'B, it is the practice of experienced drainers to place tho lah^ral drains at a general 
depth of alx>ut 4 ft. ; of course if the soil is underlaid by rock, leas than 4 ft., and where an outlet 
at that depth cannot bo obtained, It is not possible to drain so deeply ; but where there exists no 
such obstacle, drains should be laid at a general depth of 4 ft., with a uniform inclination. The 
distiince between the drains ma}^ vary considerably in accordance with the character of the so 1. , 
In tolerably porous ground 40 or 50 ft. is sufficiently near for 4'ft. drains ; for tho more retentive j 
clays a distance of 18 to 26 ft. lias been recommended ; but there ore few soils in which it will be_^/ 
safe to place 4-ft. drains at much wider intervals than 40 ft. An empirical rule that has been 
sucoossfullv employed in the lighter loams is, that 3 ft. drains should bo placed 20 ft. apart, and that 
for each additional foot in depth the distance may be doubled ; for instance, 4-ft. drains 40 ft. apart, 
5-ft.«dmiu8 80 ft. With reference to this greater distance, it is not recommended in stiff days for 
any depth of drain. 
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Where necessary, by reason of insufficient fall or hard substratum, to go only 3 ft, deep, the 
drains should be as near together as 20 ft. The direction of the lateral drains should be up and 
down the slope of the land, in tho line of supposed descent. Very steep and very springy hill-sides 
sometimes retiuire frequent drains, to catch the water which has a tendency to flow to the surface, 
but this rarely occurs. 

In laying the plan for draining land of a broken surface, which inclines in different directions, 
it is not possible to make the drains follow the lines of deepest descent, and at tho same time for 
them to be parallel and at uniform distances ; a compromise must then be made between the two 
requirements. The more nearly they are parallel, the less costly will the work bo, whilst tho 
closer they follow the slope of tho ground, the more efficient the drain will be. No rule can 
be given for these adjustments, but a careful study of the map and its contour lines will ^eatly aid 
in its determination. W'Jierever practicable, it is desirable to have a fall of 1 ft. in 100 ft., 
although one-half of that amount, or 6 in. in 100 ft, is ample if the work is carefully executed. 

The lowest rate of fall which should be given to a drain in using a pipe is 2*5 in 1000, or 3 in. 
in 100 ft. 

Agricultural drain pipes nr tiles are made of the same material as ordinary bricks ; their manu- 
facture has been described at page 192 of this Supplement. 

When burned they are from 12 to 14 in. in length, 1 to 8 in. diameter, and from J to more than 
1 in. in thickness; the latter measurement depending upon the strenj^h of the clay and tho size of 
the bore. They are porous to the extent of absorbing a certain quantity of vrater, but this porosity 
does not affect their use in drainage, for the water enters them not through their walls, but in their 
joints, which cannot he made so tight that they will not admit the small amount of water that it is 
needful should enter at each space. Pipes may be of any desired form in section, but tho round 
pipe with a collar is the only one which it is economical to use. Ground pipes should not be laid 
without collars, as the ability to use these constitutes their chief advantage ; the colltirs hold them 
in place, preventing the entrance of loose dirt in tho pipes, and giving the necessary space for tho 
entrance of water by tho joints. The usual sizes are li in., in., 3^ in. in intt‘rior diameters. 
The sections of the 2i-in. pipes make collars for tho 1 J, and the 3J make collars for tlie 2}. In 
England 1-in. pipes are frequently used, but IJ in. are better for the sroalh^st drains. Beyond this 
limit the best size is the smallest that can convey the water which will reach it after a heavy rain. 
The smaller the pipe the more concentrated tho flow, and, consequently, the more thoroughly 
obstructions will be removed, and the occasional flushing of the pipe, wnen it is taxed for a few 
hours to its utmost capacity, will ensure a good cleansing. 

The following dimensions of pipes suitable for various areas may be taken as reliable for drains 
4 ft. or more in depth, laid in a well-regulated fall of as low as 3 in, in 100 ft. These sized pipes 
will not immediately remove all the water of the heaviest storms, but they will take it away fast 
enough for all practical purposes, and if the pip<» are properly laid, will only be bonciited by the 
occasional cleansing tlmy will receive when running more than full. 

Whtmever it is possible to avoid it, no drain should have a decreasing rate of full as it npproaclics 
its outlet. 

Th^ 1 J-inch pipe will remove all the water which would fall on the ground in a heavy rain in 
twenty-four hours, and tiles of this size are ample for tho draining of 2 acres ; in like manner 2J-in. 
pipe will suffice for 8, and SJ-in, pipe for 20 acres, on the supposition that only the water which falls 
on the land, that is the storm water, is to be removed. For main drains when greater capiicity is 
r^uired, two pipes may bo laid side by side. Where the drains are laid 40 ft. apart, about 1000 
tiles to each acre will Ije required ; the first 2000 ft. of drains require a collecting ilrain of 2j-in, 
tile, which will take the water from 7000 ft., and for an outlet of from 7000 ft. to 2000 ft., 3j-in. 
pipes may bo used. Collars, being more subjected to breakage, should be provided in somewljat 
larger quantities. The pipes should be hard burned, and any rejected which do not give a clear 
ring when struck with a metallic instrument, and overburn^ goods, such as have been war|)od, 
contracted, or otherwise affected by too great heat, must be also rejected. 

The danger tliat drains will become obstructed if not properly laid out and properly made, is 
very great, and the cost of removing the obstruction, often requiring whole lines to bc^ taken up, 
washed, and rclaid, with the extra care that is required in working in old and soft lines, is often 
greater than the original cost of the improvement. Consequently the possibility of tile drains 
becoming stopped up should be fully considered at the outset, and every ])rccautiun should bo 
taken to prevent so disastrous a result. 

Drainage of Mines , — In order to consider the subject of the drainage of mines, it is necessary 
to understand the manner in which water flows into the workings. The mechatiicul means 
employed to remove the water will be dealt with under the head of Pump. 

Sedimentary rocks consist of permeable and impermeable beds, tho latter comjK)sed of clays. 
Sandstones and limestones may contain various proportions of argillaceous matter, and llie clays 
may be more or less largely composed of arenaceous and calcareous substances, so that the degree of 
permeability may vary within very wide limits. Sedimentary rock c^msists of an aggregation of 
emull petioles of pre-existent rock, compjmted by pressure, and often cemented together by tho 
infiltration of mineral substances. Tho interstices between these component particles are, when 
removed from the influences operating at and near the surface, always tilled with water. A rock 
compacted by pressure will nossess a greater water space than a rock of the same kind whose 
particles have been cemented together, because the cement partially tills up tho interstices. A 
comnact bed of sand will hold to each unit of volume a larger quantity of watcT than a cemented 
sandstone. The particles of argillac*eou8 math r exist in a state of extreme division, so that tlie 
interstices are insufficient to allow the presence of water ; therefore clay is impervious. As this 
substance is mingled with others, tho inter8ti<'e8 are filled up, and the argillaceous sandstone for 
example, ooutains a much smaller water space than the purely arenaceous rock. J 
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When an accession of water takes place in consequence of rain, the quantity of water passing 
through in a given time will again obviously be proportional to the water space existing in the rock. 

It must not be assumed that because the nature of the rock is such as will give it a large water- 
bearing capacity that it is full of water : rock beds of a porous character are frequently passed 
through without any water being met with, and that a stratum may contain water the conditions 
must bo favourable to its receiving water. 

The source of underground water is rain, and the quantity received will depend upon conditions 
prevailing at the surface. If a lower and impervious bed is inclined, the water flows out of the 
upper and permeable bed towards tho dip and the strike only, and not towards the rise, and the flow 
will bo greatest towards the dip. These facts are to be considered in estimating the quantity of 
underground water likely to be met with. 

Tho land surface is usually formed by the upturned ends of inclined strata, and this is the case 
always to bo considered in dealing with the water in underground workings. In such a case the 
permeable stratum can receive water only along the line of its outcrop, and the quantity of water it 
can receive will depend upon the extent of that surface. Thus the extent of the absorbing surface 
is, as wo have shown, to bo estimated, not merely by tho area of the stratum exposed, but also by 
that of tho impervious strata which drains itself upon tho former. 

Rock btids aro divided by joints, and fractured by faults of dislocation, and the joint spaces may 
bo filled with water, and tho Assures along tho line of tho fault may servo as passages through which 
water may flow in large quantities, or in which it may stand as in a reservoir. Existing under these 
conditions, water may be met with in tho impervious beds, and in tho igneous rocks ; and in mining, 
tho tapping of one of these reservoirs or water passages occasions the influx into the workings of a 
stream of water called a feeder. 


The foregoing considerations enable a survey to determine the quantity of water likely to be met 
with in sinking at any given point, and to make provision against its entrance into the permeable 
strata by means of surface drainage. A consideration of tho same facts will also enable .judgment 
to be mode whether a.fecder is likely to be temporary or permanent, and also of the quantity of 
water it is likely to yield. 

In judging of the effects of letting down the roof above which a water-bearing stratum is 
situate, the nature of tho intervening rock must be taken into account. Reds of phistic clay sink 
without fracture, and shaly and marly beds may be broken down with a like result ; for though 
fractures may, to some extent, occur in these, the fissures w’ill close during the descent, in conse- 
qnenct^ of the yielding character of the material, and the water will not be let down in siicli a case. 
Rut if the rock is strong sandstone, and esjiecially if it is of coarse texture, it will be greatly frac- 
tured in its descent, and the fissures pro<lucc<l left open. In this case, if only a very thin imper- 
vious bed intervene between the water-liearing bed and the sandstone, or if tho intervening bed be 
somewhat periiK‘able, tho water will fh)W down copiously into tlie w'orkings. The near presence of 
a fault is fre<|uently iiidioatcil by an incrcaBing degree of moisture in the rock. In the limestone, it 
is a common occurrence to meet with caverns and wide passages through which large quantities of 
water are circulating. These are calle<l pounds and swallows ; they arc, doubtless, fissures which 
have b<*en enlarged by tho action of acid w’ater. 

Various iiicun.s are adopted to prevent the influx of water into nnderground workings. Of these, 
some are apidicable at the surface only, and they have for their object the lessening of the quantity 
entering the permeable In^d. A system (»f drainage at tliat iK>ition of the surface at which the beefe 
or the faults crop out will greatly reduce tho quantity entering. Any such system must include, 
to 8om(> extent, the oontiguous impervious beds, from off which the water flows to the permeable 
hiH\. Hollows and streams upon the outcrop demand particular attention; often it may bo desirable 
to divert the course of a stream ; and in some cases it may be well to puddle its bed at certain })oints. 
An i'xamplo of such a system of drainage is to be found in the basin of the llive-de-Gier, Erance, a 
hirg<' p(»rtion of which coal-field could not have been worked, had tiie surface drainage not been 
provided for. 

Ill combination wdtli the surface drainage, means aro employed underground to prevent tlio 
cMitraiice of water into the workings. The methml of stopjiing back the water in shafts by means of 
tubbing lias been de.-scribed under the head of Coal Mining. Of the precautions to be taken 
against the entrance of water, the chief relate to the hn aking down of the loof ; great care should 
be observed not to let down, by the dropping of the roof, water from jxinds, reservoirs, and streams 
at Hurfuco. 

Tho water which in greater or less quantities will always enter the workings of a mine, notwith- 
standiiig all tho moans employed to keep it out, must bo removed to allow tho operations of excava- 
tion to proceed. It is apparent that the only way of freeing underground workings of the water which 
has flowcil into them is to convey it to surface When the workings are in a hill, and thus above 
tho general Itwol of the country, or al)ove the level of a neiglilwuring valley affording an outlet, they 
may be drained bv means of tunnels called adits, Ibrongh which the water may be made to flow 
out. But when this favourable circumstance does not exist, tlie water must be puinpeil to surface. 
As tho oixiration of lifting large quantities of water from great depths requires great power, the 
subject will be treated uuder a distinct heading. The principles of arranging the reservoir or sump 
of a pump have boi*n already described in this Dictionary under the head of Drainage, 

'J’he drainage of sowers is a branch of sanitary engineering, and to tho article upon that subject 
the reader is referred. 


List of Jiooks on Jh ' ainage , — Stevens (H.), ‘ Manual of Practical Draining,* 8vo. Parkks(J.), 
‘ On Land Drainage,’ 8vo', 1848. French (F.), ‘ Principles, Proci-sses, and Effects of Draining 
Land,* crown 8vo, cloth, 1859. Waring (Q. E., jun.), * Draining for Profit and Draining for Health,* 
crown 8vo. * Johnston on Draining Land,’ by Elkington, 8vo, 1841. Baldwin Latham, * Sanitary 
Engineering, a Guide to the Construction of Works of Sewerage,* 8vo, 1878. Roiunson (H.) and 
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Mellis (J. C.)» * Purification of Water-carried sewage,* 8vo, 1877. Bailey Denton (J.), ‘Sanitary 
Engineering,* royal 8vo, 1877. Burke (H. R.), ‘ A Handbook of Sewage Utilization,’ crown 
8vo, 1878. 

DREDGING. 

Dredging machines, to develop their greatest efficiency, should bo designed to suit the special 
character of the ground on which they are required to work. 

Notable examples of dredging plant are allbrded by the machines employed in making the Suez 
Canal. The arrangement. Fig. 1003, pre^sontod the great advantage of doing away with cranes, 
ballast lighters, and especially waggons for removing the spoil, which, running over banks made of 
mud or wet clay broken up by tho buckets, were constantly getting out of order. Moreover, with 
the aid of a few torches tho dredger could bo worked by night ns well as by day. 

The dredgers with tho extra long shoots. Figs. 1003, 1004, are fitted with a single bucket 
frame 0, the foot of which is ahead of tho hull; tho hulls are 108 ft. long and 27 ft. beam, 
and tho upper tumbler D is 48 ft. in height above the water. Tho shaft of the engine carries 
a drum working two centrifugal pumps for supplying water to facilitate the discharge of tho spoil 



through the shoots. The length of the shoot C from the centre of the dreilger i.s 2.30 ft., and its 
section is a half ellipse, 2 J ft. deep and 5 ft, wide ; tho width of the vertical well into winch the 
buckets discharge the spoil being greater than that of the shoot, a tai)ering junction is made of 
as great a length as possible. The shoot is stifiened lengthwise by two lattice girders, w’hich rest on 


A 



L 


the bottom of an iron lighter F, placed at aliout one-third of their length from tho dredgrr; tho 
uprights G supporting the shoots are not fixed to the bottom, but jointed to a large horizontal 
spindle placed lengthwise in the lighter, and passing along its centre of diKplucemcnt. A horizontal 
hinge couples the shoot to tho drtdgcr, and allows of its inclination lx)ing altcrwl ; this joint is 
Cfjvered by a piece of leather and iron, being fixed to the dredger only. In order to allow of 
changing the inclination of the shoot, tho uprights G resting on tho lighter are made telescopic!. 
The shoot is lifted by two small hydraulic presses worked by band ; fdocks of a suitable thickness 
are then put into the slides of the uprights G, and the whole is bolted b)gether. 

For the purpf)8e of facilitating the transport of the shoots, the framework supporting tl^m is 
cut in two horizontally above the slides just mentioned, so that when tho shoot is detached from 
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tho dredger, it can bo turned on a sort of platform and brought into a position lengthwise with the 
lighter, the outer end being put upon a boat for that purpose. As it is necessary that the dredger 
in traversing across tho canal from side to side should carry its shoot and lighter with it, tho 
liglitor is connected to tho dredger transversely by a pair of chains, H H, Fig. 1004, with Wizontal 
struts at right angles to the two hulls to serve as distance pieces ; and a second pair of chains J J 
run from th(i stem and bow of the dredger to the bow and stern of the lighter, whereby they are 
securely stayed together longitudinally. A pair of iron frames K K fixed to the dredger, and 
resting on the lighter and attached to it, make tho two hulls like one piece in their vertical 
movoraonts. 

Tho swinging movement of tho dredger is performed by means of chains L L, Fig. 1004, from 
tho four corncjrs of the dredger to anchors with very broad and strong flukes. These chains pass 
through hawse holes 3 to 5 ft. below the water, leaving suflicient depth of water above them for tho 
boats used on the canal to pass over the chains ; the hawse boles arc found to wear away very quickly. 

Only one form of bucket is used, of elliptical section and very conical, as shown in Figs. 1005, 
lOOG ; and as this emptie^s very easily, it has not been considered necessary to try any other 
forms. It should l)e bornr^ in mind that, beyond a certain size, tlio buckets empty very well even 
when they work in sticky clays ; because the adhering surface of the spoil is simply proportioned 
to tho square of tho dimensions, whereas the volume, and consequently the weight of tho spoil, is 
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proportional to the cube of the same dimensions. Thus tlio weight incre ases more quickly than 
the (ulhcreuco, and consoquonlly tho latter is always overcome beyond a certain limit ot 
dimensions. Fig. 1007 is a plan of a })ortion of the chain. 

The upper tumblers of the dr* dgers, Fig. 1005, of which Fig. 1008 is an elevation and section 
— Fig. 1009 is part elevation and part 8(‘ction at the end, Fig. 1010 being a transverse section at 
tho centre — arc made of east iron, the angle-pieces, consisting of a square steel bar A A at each of 
tlie four coruers, pns8<Ml through the flanges 
B B of the tumbler, and secured by a key C. 

Each of the four wearing face's of tho tumbler 
is also protected by a steel ]>lato D D, let in 
with a dovetail and secured by screws. 

The following observations have been 
made as to the manner in which the dif- 
ferent sorts of spoil pass down tho shoots of 
tlie dredgers. The fine sands, which are the 
only sands met with, pass easily down a shoot 
inclined 1 in 20 or 25, if mixed with a 
quantity of water equal to about half tlieir 
own bulk. When the shoot has a less in- 
clination than 1 in 25, the water separate's from 
the sand, which is thus deposited all along 
the shoot in layers of continually incn^asiiig thickness ; the addition of a larger quantity of water 
does not seem to have any eftect, and it is necessary to stir it up with a shovel." When the sand con- 
tains any shells, they are dej^osited in the shoot oven with an inclination of 1 in 20, notwith- 
standing their lightness; and create round them deposits of sand, which continually increase, 
and have to bo got rid of with shovels, or better still, by increasing the inclination of the shoot, 
m this case again an increased quantity of water is not so cflicacious as increasing the inclina- 
tion. Diflferciit degrees of fineness and inuddincss in the sand, and different sections more or less 
flattened of the shoots, require diifercut inclinations of shoot. 

Mud behaves very much like sand, if it is sufficiently soft to mix with water ; and it will then 
pass down a shoot set witli scarcely any perceptible inclination. The very softest mud at Suez, such 
as that got out of tho old channels previously cut through the clay ground, does not require tho 
addition of any water in the shot^t. With clay it is quite different ; the addition of water washed 
away only a very small quantity of the material, and hardly breaks up the lumps at all. If 
each lumj) of clay wore to slide perfectly straight down tho shoot, all would work well; most 
commonly, however, a lump winds about and soon stops, and the contents of the next bucket then 
drive it on 5 or 10 h., and the whole increases tho block. Others come after and increase the 
stoppage, till the mass gets 12 or 16 in. in thickness and reaches to the top end of the shoot, when the 
contents of the succeeding buckets seem to break it up, and the mass descends quietly and regularly 
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in pieces of about 3 to 6 ft. length. The shoots for clay nrc inclined from 1 in 12 to 1 in 16. With 
an inclination of 1 in 20 the lower end gets choked, which lilts that end of the shoot down and 
empties it, the work being thus carried on intermittently ; with an inclination of 1 in 12 to 14 the 
work is more regular. When the clay is mixed with sand, the surface acts like a rasp, because tlie 
water washing away the clay makes the grains of sand more prominent and cutting, and tlius 
seems to bo rather detrimental. This is also tlie case when the buckets bring up iiard clay and 
mud ; the mnd lubricates tlie day and m^es it run down more easily, whereas the water only 
washes the mud away. 

Experience has thus shown that whilst a consid(*rable supply of water must bo added to sand, it 
is not so for mud or clay, to which only just enough water must be added for moistcnitig the mass. 
Jets of water have not given goo<l results ; they lucroly wash down the points against which they 
are directed, and do not break up the lumps. The simplest and most coiivoniont plan has been to 
put up a footway along the side of the shoot, and keep three or four men at work with scrajxjrs to 
prevent its choking. In the long-shoot dredgers, with shoots of 230 ft. hjngtii, an endless travelling 
cliuiu E is employed, os in Fig. 1003, driven by the engine, and furnislied with a series of scrapers 
to carry the clay down the shoot. Generally the greatest difficulty with all kinds of spoil is in 
passing the first 40 or 50 ft. length of the shoot; when once the material has passed this with any 
given inclination, it continues moving on down the same inclination w ithout further difficulty. 

An efficient tool f«»r difficult ground is R. J. Ives* excavator for stiff clay, Figs. 1011, 1012. The 
excavator lock, at the back, is first pusliod into place, a light line being attached to the lock. The 
blade is now o|>on or vertical with the monkey guide-riHl, in which }>osition the excavator is lowered 
on to the bottom to bo dredged, where the apparatus is kept upright by the lowering chain being 
held slightly taut. The monkey is now w'orked up and down the centre guide-rod, by the line 
attached to it, letidiug over a pulley fixed on a staging at the top. The monkey, being allowed 
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to fall by its own weight, gives a sharp blow to the head of the excavator, and drives the blade 
into the ground at each blow. After a sufficient number of blows the locking gear is pulUsd 
which draws out the locking lx)U, and releases the blade from its vortical position ; when this has 
^en done, the lifting chain is hauled by the crab, and the blade dragged out of tlie ground with 
Its load, in a position at right angles with the monkey guidcj-rod. Continued hauling oh the lifting 
cliain brings the whole to the surface where the material so excavated is tipped. Tlie locking 
pushed into place, and the apparatus lowcrt^d into the clay Iwttom for another operation. 

Bull 8 dredger. Pigs. 1013, 1014, is lowered by a crab and tackle working from a pulley fixed to 
a gallows or sheer-legs, erected on a stage. Before lowering, the clip or double pin, Fig 1013 is 
inserted into holes in the two segments; this keeps the dredger open until it reaches the bottom, 
when the clip IS withdrawn by mc^ans of a stout cord. 'J’ho lowering chain attached to tho 
cnams working in guides and small rollers at the four corners of the dredger, is then pulled up 
slightly, agitated, and lowered. By these means the jaws of the dredger are gradually drawn 
together, scooping up the sand or loose material. TJic number of times the chain is so pulled 
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depends on the material to be dredged. With loose soil the jaws soon meet, when the dredger is 
drawn np, opened on the staging and the materials fall out ; the clip is then again inserted, and 
the operation repeated. In sand, the time occupied for each operation of lowering, dredging, and 
lifting is five or six minutes, where the distance from the top of the staging to low water is 25 ft. ; 
from low water to the bottom of the curb, 46 ft. 

The dredging apparatus. Figs. 1015 to 1026, is designed by O. Fouracres, and used in India ; it 
consists of two segmental scoops M, hinged on a cross-head firmly welded to a wrought-irou spear L, 
attached by a key to a light wooden spear C. Two metal collars, W X, slide freely on these spears. 
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the upper is connected to the scoops by a light iron rod Y, and the lower by two chains. One end 
c f each of these chains is connected to the collar, and tho other, afto passing through ono of the 
sJieaves P, is attached to one of the semicircular angle-irons O ; the chain on the right hand of 
the spear being attached to the angle-iron which is riveted to the right scoop, and the chain on 
the left of the angle-iron to the left scoop. These chains then cross each other around the sheaves 
P, and since the semicircular angle-irons also cross at the same point, the chains when placed 
in tension tend to close the scoops ono upon the other in tho position, Fig. 1019. The angle-iron 
riveted to one scoop wraps itself round the other scoop when the bucket is opened, as in FIm. 1017, 
1018. Both tho angle-irons are chipped and filed to a segment of the true circle on their upper 
edges, which bear against friction rollers revolving on the same pin which carries the sheaves Q, 
and that tends to preserve the angle-irons in their proper shape. The sliding collar W has a sheave 
within it, round which the main lifting chain B is rove. When working in soft soil, the chain B 
is attached directly to the collar W, and when in hard soil, power is gained by passing the 
ohtfin through the sheave, and fastening the end of it to the spear, as in Fig. 1019. This main 
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chain is worked over tlio head of the crane, Fig. 1020, stops R and S being provided to prevent 
the scoops overrunning the^mselves, and thus getting jammed. T is a float oatmi hinged to the 
top of one of the scoops, and wlicn they are open, it hooks on to a lug on the top of the other scoop. 
It thus ties the two scoops together at the top and prfjvonts them from closing, us the catch remains 
in its |K»aitiou. The hooks H, which are attached to the jib head, are so counterbulaneed by tlie 
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w'eight K that they fall forward into the position. Fig. 1020, when the rope attached to them is slack. 
These hooks have sloping faces at tlieir lower extremities, so that when tlic clutch collar X rises up 
to them, the projecting arms of tht* collar push back the hooks and rise past iiu*in ; when tlie arms 
are above the hooks the latter fall forward and support the arms so as to })reveiit the collar from 
returning. In this position the main liftuig chain may bo lowered and the whole apparatus hangs 
by the books H on the jib head ; tlie entire weight is thus thrown on the collar X, and the scoops are 
drawn open into the position, Fig. 1017. The lever K is centred on th(‘ jib h<‘a(l, and has attached 
to it a cam which bears on a shallow rack fixed to C; on pulliug the rojn* attached to the 
lever, this cam jams the spear in the guide so that it cannot rise. V V arc leath<*r valves which allow 
water to e.seai»e if the bucket is not filled with mud, but which arc closed up, and retain any solid 
matter the sco^ips may cut into. In working, the main lifting chain B is attached to a winding 
engine, or to a entb winch, or through a machine which will enable the man wlio regulates the 
machinery to wind up the chain or unwind it, or hold it stationary at any nioment. Tlie dredge 
is lowered into the water in the position Fig. 1017, by nnwiiuling the main chain. While being 
lf)wered the cliain is tight, as it bears the entire weight of all the movable parts of the dredge. 
Tiie strain on the main chain tends to draw the travelling collar W upwards on L; this tightens 
the elo.sing chains, tlie strain on which, a<*ting on the semicireular angle-irons O, tends to elosci 
the scoops of the bucket. The catch T, however, hohls the tw’o scoops togetlier at the top 
and prevents them from closing. In this manner the wooden spe^ar C d(^scend8, tlie bueki t sliding 
fiecly on tlie giiidt s D and E; when the bucket readies the liottom, which it generally dix's with 
somewliat of a blow, if the engine is run quickly, the sccx)p8 rest on the surface of the mud if 
open slightly, and the strain is taken off the catch T, wiiieli immediately rises riut of gear by the 
floating of the ball attadied to it, the scoops arc released and free to close, 'i’he slops 8 ]>rcvr*nt 
the scoops from opening more than is sufficient to release the oatcli T. Upon the se<x»p8 njaching 
the bottom, tlie attendant reverses the machine and winds up the main lilting chain, at tlie same 
time the lover E is pulled over by the rojxi attached to it, and jams the spear tightly on tlie guide. 
As the main lifting chain ascends, it draws the collar W upwards on L and with it the chains, 
which cause the angle-irons O to press the scfsips into the material in wliich they were resting. 
The spear is meanwhile held fast by the lever and cannot rise; thus the scoops are compelled to bite 
into the soil. But if any other liard matter is met with, the pressure on the spear causes the cam to 
jump out of the sliallow rack and no damage is done. As wxni us the bucket is closed, which is 
known by watching the point to which the collar X descends on the spear, tlie lever is reliiast cl 
and the apparatus rises to the surface by the conlinuod action of the main lifting chain ; when the 
bucket clears the water the crane is revolved, until the bucket hangs over the mud punt alongside 
Fig. 102f>; as the clutch collar X rises the projecting arms push back the hooks, which imme- 
diately afterwards fall back into position undeniealh the arms. The winding of the chain is then 
reversed, the rods Y take the whole weight of the apparatus, the spear and heavier parts descend, and 
the scoops are pulled open partly by the weight of the contents and partly by that of the descending 
parts, the whole of which press upon the cross-heads of L, and thus tend to oiion the scootws 
When they are wide open the stops B bear on the spear L, and the catch T falls automatically into 
jiosition, catching the other scoop. The dredger is now ready for another bite, the slack of the 
mam lifting chain being taken up, and the weight of tli(‘ apparatus being removed from the hooks H 
sufficiently to enable them to clear the arms of the clutch ciillar. The hooks arc then drawn bick’ 


The engine, or winch which it works, has to be 
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revorsea three times during each lift : after lifting the clutch collar from the hooks when it has 
to be reversed to lower the bucket ; after the buck(‘t reaches the bottom when it has to be reversed 
to lift ; and when the bucket is over the mud punt in order to empty it. In the dredgers con- 
structed upon this system, the rapid reversal of the motion of the main chain lias been e ffected by 
sliding-forks on tlie crab, which move direct and croaa straps aittrnately on the tight pulley. 

Fig. 1002 shows the dredger complete and arranged for operation. 

The dredger was first started for Indian canal work, with the regulating apparatus designed by 
Fouracres, l)eing soeurt d in position, as shown in Fig. 1024, by a tlie base of which was 

faste ned to the bunk by two pins. In this figure T' indicates the towing path and S' the slope 
of the embankment. The further end of the strut was fitted with an eye, wliich worked on a 
pin attaehed to the stern of the dredger at A. This strut fixed the point A, and the dredger was 
only able to revolve about that point as a centre. To tlie other end of the dredger a piece of 
quartering was attached, working at 11 on another pivot similar to the one at A. TJjis quartering 
was of suiHcient length, to allow the bow of the dredger to be moved a few feet beyond the centre 
of the canal. The quartering was marked into divisions of 4 ft. each, which was the width of the 
bite of the bucket. After the bucket liud taken its first bite the boat was pushed off the distance 
of one of these divisions of 4 ft., by men on the bank working a small twofold tackle. Thus, each 
time the bucket was lifted the dredger was movtid out the distance of 4 ft., and the bow of the 
dredger compelled to work in the arc of a circle. If it was found that one bite of the scoops 
w^as not sufficient to clear out the canal to the requisite depth, two or three bites were taken at the 
same spot, or the drwlgfT was run a second or third time over the same arc. When it was necessary 
to move the dredger forward to work on a new arc, the X -strut at A was shifted about 2 ft. G in. 
along the bank, that being the width of the bucket used ; and the dredger was thus set to cut 
another arc parallel to the last. 

This arrangement, though an excellent one when working near a bank, or in a narrow canal 
where there is mucli traffic, was not found useful for dredging a channel of 50 ft. down the centre 
of the canal, which was the work required to be done. Indeed it seems doubtful whether a well- 
arranged system of anchors would not always be more convenient for working this drerlger. 
The arrangement, Fig. 1025, wmis therefore adopted. A small gipsy winch A was fitted on two 
upri gilts at the edge of the dredger. A small capstan would have been more suitable, since the 
regulating chain 11 would not have jammed on a capstan as it did sometimes on the winch. By 
turning the winch A, it was easy t(» regulate the movements of the dredger, causing it to oscillate 
in the are Cl). Two aiicliors atlaclu'd by ^-in. chains to a bollard on the stem of the dredger 
kept the point 1 wry nearly stationary, the action of the current tending to keep the anchor 
chains tight. Occasionally, as the stream varied, the dredger would perhaps float slightly out 
of its proper course, iti which cascj the buckets might come up very nearly empty ; but this did 
nfit occur very frecpiently. W'hen the dredger ha<l worked up to the yioint D, the anchor chains 
w'ere slackened and the dredger moved forward about 2 ft. 6 in. ; the man regulating the dredger 
thi n rover.Ncd the winding on the winch A, and gradually brought the dredger back to the point O, 
and so on eontinually. Occasionally, when the anchor chains became long and the dredger was 
perhajis somewdiat sw’opt oil* her course by the action of the current, or when the anchor chains 
liad been slackened by more than the proper amount, a ridge ot silt would be left which tho 
dredger had to he brought back to cut; but generally the clmnnel was cut very clearly. 

Home difficulty was at first found in managing the mud punt in the stream ; the silt came up 
so hard and dry that it would not spread itself over tlie deck, and it w’as necessary to move tho 
punt freouontly, so that the silt miglit ho uniformly deposited. An arrangement of hooks on tho 
punt and small bollards on tlie dredger was, therefore, adopted ; by this the labourers were able 
to draw the punt by hand into any required position, and fasten it to the bollards on the dredger by 
small pieces of rojie. Two pairs of bullocks towed the full punts to tho river, and brought the 
empty ones. 

C)n the works for regulating the Danube at Vienna, tho work of discharging the dredged 
material out of Ixiats, usually done with spades, or with skips raised by craues, has been performed 
by rodrodging the iiiuti‘rial out of the boats, witli a machine designed fur the purpose. Staging 
is erected prnjeeting from the bank into the river, and a l>eain, turning at one end on an axle 
at the top of the staging, carries at tho other end a wheel. There is also a drum on the top 
of the staging, and a chain with dredge buckets turns round the drum and the wheel. The 
beam is raised or lowered by a 5 or G horse-power engine, and it can also be moved a little trans- 
versely, so that tho material may be readily and completely removed from boats mooroii under tho 
staging. The unloading is perfoniMai by a 12 to 15 horsc-jKJW'er engine, which raises 200 to 2G0 
cub. yds. of gravel an hour ; but less than half this amount of work is accomplished when the boats 
are loadcil with clay or sand mixed with mud. The material drops from the buckets into a shoot, 
rnd thence into w’aggons running on a tramway on tho top of the stage, communicating writh the 
land. A boat containing about 46 cub yds. cau l>e unloaded, and another boat put in its place in 
ten minutes ; and several of tlie machines have discharged 392,400 cub. yds, of material in a year. 
The dredgers have brought up twice this quantity in a year, the filling into boats bting very easy ; 
so that one dredger supplies material for two machines. A staff of fifteen men is required for 
working one machine, including shunting and arranging the waggons in trains. Sometimes a float 
is employed, tho staging being fixed on tw’o boats with an iutervouing space for the boat that 
contains the material, and u movable platform, worked by an endless chain, is used for conveying 
the matt^rial Iwyond the shoot. This form of machine is useful for embanking sides of rivers 
and making dikes. 

A dredging machine has been at work on the Garonne, constructed by Popie, and consists of 
a shallow, flat-bottomeil boat, 51*5 ft. in length by 6 6 ft. in width, fitted with paddles near the 
bows, which communicate with the dredger by a chain passing over a pulley, flked on uprights, 
and under a roller on the dock. The scoop is an iron box, 2 ft. wide and 2*5 ft. deep, attached 
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to the end of a strong beam which passes through a well hole, 14*8 ft. long, in the bottom of 

When the boot is anchored in the stream, the force of the current, acting on the paddles, wiiids 
the chain on a windlass, dragging the scoop along the bottom of the river up through a well hole 
nud above the receiver. A lever rod attached to 


the scoop enables it to bo opened, and the gravel 
to be discharged by a shoot into a boat moored 
alongside; after which the chain is slackened 
and the dredger again lowered. The boat is 
made to draw on its anchor by a cog-wheel fixed 
on the axle of the paddles and working on a 
winch. When the stream is not sufficiently 
strong, a man with a windlass can work the 
dredger. Tiio paddles are raised out of the water 
is desired to stop work. 

With an ordinary swift current at Agen, they ca 
65 cub. yds. of gravel a day of twelve hours. 

Several classes of ballast barges have been tr 
is a hopper-decked barge, of French pine, to hole 



by means of two uprights and pulleys, when it 

n obtain one discharge of the scoop a minute, or 

iid; one which has been adopted. Fig. 1027, 
[ 50 ions of material, 89J ft. long and 17J ft. 


1028. 



wide. The advantage of this form is that the water brought up by the dredger flows over tho 
sides of the barge when it is nearly full, leaving th© sand almost dry. It will liktiwiso float 
although the internal compartments may bo filled with water. The material dredged, sand and 
mud, is conveyed in the barges to the discharge 1031 . 

stage, near the centre of the station, and lifted to 
a Inight of 21 ft. above high-water ordinary 
spring tides. The hoisting machinery is worked 
by shafting, diiv<*n by a 12 horse-power portable 
engine. The shafting drives two sets of gearing, 
working each two grooved winding drums, 16 in. 
in diameter, with f-in. chains coiling in contrary 
directions, so that whilst one jib is lifting the 
other is lowering. The skips hold 22^ cub. ft. of mattjrial, weighing 1700 lb., and discharge their 
contents into tip waggons working upon a platform immediately below. The weight of tho empty 
skip is 485 lb., making a total weight of 2185 lb. 




On the Suez Canal works, various forms of ballast barges wore used, the design, Pigs. 1029, 1030, 
being arranged with bottom doors for discharging in tlio lakes, Fig. 1028 being a modification 
adapted for use at sea ; Figs. 1031, 1032, are arranged with side doors for discharging in shallow 
water. 

The lighters with bottom doors aro shown in Figs. 1028 to 1032 ; tliey are 108 ft. long v— 
23 feet beam, carrying ICO cub. yds. of spoil, and drawing 5 ft. of water. They ore fitted with 
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twin screws and a pair of cylinders placed end to end ; the enp^ines work at high pressnre without a 
condonsor, with a tubular boiler at 120 lb. pressure, using only fresh water. Whether loaded or 
light they make a good speed of 3 to 3i miles an hour, and although made specially for lake work, 
they can put to sea. Their construction is simple and economical ; and it is found that high> 
pressure engines are preferable to those of a medium pressure, as being simpler, lighter, and easier 
to keep in working order, and consequently more to be relied on for continuous work. 

DYNAMO-ELECTRIC AND MAGNETO-ELECTRIC MACHINES. 

A magneto-electric machine is a mechanism intended to create electric currents by the help of 
magnet ism. The term magneto-electric is confined to those machines in which the magnetism is 
obtained from permanent magnets. When permanent magnets are replaced by electro-magnets, 
the term dynamo-electric is used. The term dynamo-electric is, of course, applicable to any form 
of machine, such as a frictional electric machine, by which work is converted into electricity, but 
custom has limited its use. 

The same principle underlies the action of all magneto- and dynamo-electric machines, that the 
cutting of a lino or field of magnetic force, by a closed wire circuit, induces in the wire an electric 
current. The direction of this current varies with the direction of motion and the polarity of the 
magnetic field. 

If a bar magnet is introduced into a coil of insulated wire, an electric current appears in the 
wirti, if ttie circuit is closed. Entry and withdrawal of the magnet induces currents opposite in 
tiireetion. An electro- magiu*t mtiy bo substituted for the bar magnet with similar, but generally 
cmhanced, effect. These facts are tliose utilized in the construction of dynamo- and magneto-electric 
much lues. 

Pixii’s macliine, invented in 1832, consists of an electro- magnet attached to the upper part of 
a framework, and a magnet arranged to revolve mpidly before the electro-magnet, pole to pole. 
A handle and a pair of bevel wheels suffice to rotate the magnet. When movement is imparted 
to the magnet, its poles are made to pass successively before the poles of the electro-magnet. 
There is induced in the wire of tbo coils, at each half revolution, a current which passes into tho 
eouductiiig wires. This current is alternately direct and inverse, and for many applications must 
be caused to take one direction. This is effected by means of a commutator on the axis of rotation, 
upon which press springs in connection with the conducting wires. The commutator consists of 
two halves of a cylinder completely insulated one from another by a bad conductor. If each half 
cylinder he connected with one of the poles of a voltaic battery, when tho cylinder is at rest, 
th(! friction springs arc nfiected by a direct current ; but when the cylinder rotates, tho current 
CA>llcctod by tho friction springs will change direction. If the cylinder be put on the axle of a 
machine, so as to turn with it, and the one half cylinder be connected to one coil of the electro- 
magnet, and the second half cylinder to tho other, tho currents collected are always in the same 
diroi'ition, because tho current in the electro-magnet changes its direction at the same instant that 
tho friction springs change on tlie half cylinders. 

Clarke's machine consists of a bundle of horse-shoe magnets. Before this bundle two bobbins 
are revolved, by means of a bevel wheel and small crown wheel mounted on the axle of tho coils. 
Tlio coils are wound on two cylinders of soft iron, connected together by the same metal. A com- 
mutator at the extremity of tho axis redirects the currents. 

A. N. Breguot's machine re.semblc8 Clarke’s machine, but in the latter, however rapidly tho 
currents are made, they are not absolutely continuous, whilst in the former, by modifying tho 
roiiitiug bobbins, there is obtained a pt'rfectly continuous electrical current. A circular disc is 
mounted on a horizontal axis. Twelve bobbins are inserted in this disc. The bobbins are con- 
nected togetlier as so many elements of a galvanic battery, and form one continuous length. The 
<*lectrical condition of each Iwbbin, when in movement, may bo inferred from Lenz' law, that an 
inverse current is induced when a conductor approaches a pole of a magnet, and a direct current 
when it is withdrawn from tho pole. Supix)se the whole armature of coils of wire to revolve 
from left to right, all tho bobbins on the left will be traversed by a current in one direction, 
and all those on the right by a current opposite in direction, but equal in volume to the former. 
Tho apparatus may be compared to tw'o distinct batteries, consisting of six elements each connected 
together for tension. Tt) effect the union of tho two batteries for quantity, two metallic springs aro 
attached to two small uprights whicli are the terminals of the magneto machine. Twelve strips of 
copper are disposed radially, and to tliem are attached the two adjacent ends of each pair of bobbins. 
1'he metallic springs act as current-collectors; and as tliey are always in contact with several of the 
ntelial strips, they must always bo traversed by electric currents. Hence the perfect continuity of 
tho current developed by this machine, which is serviceable in cases requiring high tensiou but 
small quantity. 

Fi^. 1033 to 1 03C) aro of the Brush dynamo-electric machine. Tho iron armature of this machine 
is in the form of a ring, and is attacliod to a hub. This hub is rigidly attached to the shaft C, 
which when driven by tlie pulley, causes the armature to revolve in its own plane. The armature 
is provided with grooves or depressions, in a direction at right angles with its magnetic axis or 
length. These grooves are wound full of insulated copper wire. The sections of wire thus formed 
are of any suitable niimhcr. Tho advantage of winding the wire on tho armature depressions is 
twofold; — Tho projecting portion of tho armature between tho soclions of wire may be made to 
revolve very close to the poles N N and S S of the magnets, from which the magnetic force is 
derived, tlius utilizing the inductive force of tho latter, to a much greater extent than is possible in 
the case of annular armatures entirely covered with wire, which cannot be brought very near the 
magnets. Owing to tho exposure of a considerable portion of the armature to the atmosphere, 
the heat, which is always developed, by the rapidly succccMling magnetizations and demagne- 
tizations of armatures in motion, is rapidly dissipated by radiation and convection. In the case of 
Armatures entirely covered with wire, the escape of heat is very slow, so that they must be run at a 
comparatively low rate of s|)eed to prevent injurious heating. 
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Diametrically opposite sections of the armature may have their first or last ends joined toge^er, 
and their remaining ends connected with two segments of metal of tho commutator cylinder, which 
is carried by the shaft, and is of insulating material. The two metal segments are placed diametri- 
cally opposite each other on tho cylinder, and are each of a length less than Jialf the circumferonoo 

1033 . 


Jt B 



of tlie latter, thus exposing the insulating cylinder in two places diametrically oj)posito each other 
and alternating with the metal segments. The two segments 8% and 8\ Fig. lOlio, corn-spoiKling to 
sections 3 and 7 of wire, hold a position on the cylinder, in advance of those of the preceding scctmns 
S' and S®, to the same angular extent that the sections 3 and 7 in question arc in advance of sections 



2 and C. In this arrangement the number of segments is equal to tho number of sections, each 
segment being connected with but one section. The first and Iasi ends of < ncb section can, howeve r, 
be attached to two diametrically opposite segments, the comm uhi tor cylinder in that case bcin^ 
constructed with double the number of segments as in the former case, thus making the number of 
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segments double the number of sections. Two metallic plates or brushes, insulated from each other, 
press lightly upon the cylinder, at opposite points, so selected that while each section of wire on the 
armature is passing from one neutral point to the other, the corresponding segments on the cylinder 
will be in contact with thorn. These plates or brushes collect the currents of electricity generated 
by the revolution of the armature, one being positive and the other negative. When the section of 
wire is passing the neutral points on the armature, the plates are in contact with the insulating 
material of the cylinder between the corn*8ponding st^gments, thus cutting the section, which is at 
the time useless, out of the circuit altogether. The necessity of thus insulating each section from 
the plates during the time it is inactive, is obvious, otherwise the idle section would afford a passage 
for the current generated in the active sections. 

During the time a section or bobbin is passing from one ni'utral point of the armature to the 
next one, an electric impulse, constant in dirciction but varying in elect ro*inotivo force, is induced 
in it. This electro-motive force, starting from nothing at the neutral point, quickly increases to 
nearly its maximum, and remains almost constant until the section is near the next neutral point, 
when it rapidly falls to zero as the neutral point is reached. 

The insulating spaces are made of such a length that each section or bobbin is cut out of the 
circuit, not only when it is at the neutral points, but also during the time when its electro-motive 
force is rising and falling at the beginning and end of an impulsf3. 

If the insulating 8j»ace is too short, so as to keep or bring a section in the circuit while its electro- 
motive force is low, then the current from the other sections, being of superior electro-motive force, 
will overcome this weak current, and discharge through this section. If the insulating spaces are 
a little longer than necessary, no material inconvenience results. A suitable length for practical 
purpo.‘i 08 is easily determined experimentally. It is necessary to adjust the commutator cylinder on 
the revolving shaft of the machine, with special reference to the neutral points of the armature when 
ill motion, in order tljat its insulating space may corn sjiond to the neutral points. This adjustment 
is made as follows. The commutator cylinder having boon placed npproximatedy in its pioper 

C o>.itioii, tlio machine is started, and the presence or ahsemeo cd’ sparks at the jioints of contact 
etwet ‘11 the plates and commutator cylinder is noted. If sparks occur, the commutator cylinder is 
turned slightly for\var<l or backward on its axis until they disappear. 

The jireKeuc.e of sparks, when the commutator is even slightly out of its proper position, is 
easily explained. If a break between a pair of segments and the plates occur while the corre- 
sjionding section of wire on the apparatus is still active, a 8j>ark is produced by the interruption of 
the current, while if the break occurs too late, the section in que^stion will have become neutral, and 
then commenced to conduct the current from the active sections, and the interruption of this 
jiassage causes a spark in this instance. If the commutator is much nmiovcd fr«)m its proper 
position in either directi<»n. the sparks are so great as very rapidly destroy both the commutator 
uiid the brushes, whih* the current from the machine is diminished. 

Wlien the flrst and last ends of inch of two diametric^illy ojvposite sections are attached to two 
opposite 8(‘gments, the intensity of the iuduced electric current wdll be that due to the length of 
wire in a single sc^ction only, while the quantity will be directly as the numlK;r of sections. By 
doubling the size of each bobbin, and diminishing their number one-half, a current of double the 
inti'nsity and one-half the quantity of the former will be obtained. 

This effect 04in also be 8<3cured by connecting the first and last ends of the two opposite sections 
together, and joining the remaining ends to two oj)posite segments, Fig. 1034. This arrangement 
of the cylinder with segUK'iits may be replaced by another, in which the last end of one section, 
and the first end of the succt*eding one, may be connecte<l with a strip of metal attached to the 
cylinder, pamllel with its axis, os in the Siemens and Gramme niachmes. 

These metallic strips or conductors are equal in number to the sections of wire on the arma- 
ture, and are insulated from oacli other. The plates press upon the cylinder, in this case, at points 
corresjiondiug to the neutral points of the armature, thus being at right angles wnth their position 
in the first arrangement. This plan gives fair results, but is subject to a disa Ivantago from which 
the first is free. The difilculty is that the sections of wire, when at or near the neutral points of 
the armature, contribute little or no useful effect, but the current from the other sections must 
pass through tin sc in tirdor to n ach the plates, thus exptnioncing a considerable and useless resist- 
ance; and, owing to the opposite <lirectious of the currents through tln^ active sections on opp(»site 
sides of the neutral jKiints, these currents, by passing through the idle sections, tend strongly to 
produce consign iieut points in the armature wliere the neutral points should be, thus interfering 
with the distribution of the inagneti>m of the armature. 

Tlio elcctro-magnels H, are c'xcitini by the whole or a portion of the electric current derived 
from tile revolving armature. The arrangement in which the magnetic poles are presented to 
the armature is such, that a very large propt)rtien of the entire surface of the armature, is constantly 
j rescTilod to the i»oles of the* magnets, thus securing uniformity of magnetization as well as 
maximum amount. The iron segnieiits B, Fig. 1101, constituting the poles oi the magnets, are 
arrangoil on lx>th sides of the armatun‘S. These pieces may be counccte<l at their outer edges, tlius 
forming one })ieeo, and enclosing the armature still more. Permanent steel magnets may be 
employed in these machines, insteml of electro-magnets. 

By diverting from (xternal work a jiortion of the current of the machim', and using it, either 
alone or in connection with the rest of the current for working the field magnets, a permanent 
field may be obtaiin d. 

This plan is ailajitable for electro-plating machines. If the extenml circuit be broken entirely, 
the magnetic field will in the former plan remain unimpaired, and in the latter remain sufficiently 
strong to effeet the desired end. 

Tiic cores of the field magnets are wound with a quantity of a comparatively fine w ire E, having 
1 ^ high resistance in ooiiipariscm with that of the external circuit F, and the rest of the wire in the 
machino. The ends of this wire are so connected with other parts of the machine, that when the 
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latter is running, a current of electricity constantly circulates in the wire, whether the external 
circuit be closed or not. The high resistance of this wire, prevents the passage through it of more 
than a small proportion of the whole current capable of being evolved by the machine. When this 
device, termed a teaser, is used in connection with field magnets, also wound with coarse wire, 
for the purpose of still further increasing the magnetic field, by employing the main current for 
this purpose, then the teaser may be so arranged, that the current which passes through it will 
also circulate in the coarse wire, thus increasing efficiency. 

1037 - 



Fig. 1037 is of the Walloce-Farmcr machine. In this macliine the magnetic fichl is protliiccd hy 
two horseshoe electro-magnets, with poles of opposite character, facing each other. Iletwccn the 
arms of the magnets, and passing through the uprights supporting them, is the shaft, carrying ni 
its centre the rotating armature. This armature con>ists of a disc of cast iron, near the pCTii>hcry 
of w'hich, and at right angles to either face, are iron cores, wonnd with insulated wire, thus cmisli- 
tiiting a double series of coils. These coils, Figs. 1038 and 1030, Ix'ing connected end to enil. the looj>8 
so formed arc connecte<l in the same manner, and to a commutator of similar construction to that of 
Gramme. As the amiatun* rotates, the cores pass between the Of)p<»8ed north and south poles of 
the field magnets, an<l the current generated dc'pends on the change of polarity of the cor» s. This 
constitutes a double macliine, each series of coil.s, with its commutator, being cajiablo of use inde- 
pendently of the other ; but in ])rnctice the electrical connections are so made, that flic <‘urrcnts 
generated in the two series of armature coil 8, puss through the field magnet coils, and are joined in 
one external circuit, 

103S. 103D. 



Tliis armature exposes a largo uncovered surface of Iron to the cooling effect of llic ntmosphoro, 
but its exhinml form gives great resistance to rotation. In the Wallacf -Farmer machine there is 
considerable heating of tlu3 armature, the tcmipi-rature lK;ing sufficiently high to un it sliding wax. 

Hieiiiens and Utilshe’s macliine, of 1854, consists of a longitudinal coil, the iron of which is 
cylindric-al in form, hollowed out parallel to its axis in two largo and d» ep recesses, so that its 
transversej section resembles an I. The copper wire, insiilahid, is wound in the rccesB(;s parallel to 
tlie axis of tlic cylinder, and, with part of the iron left uncovered, constitutes a coniplctt^ cylinder. 
One end f>f the wire is soldered to the metallic axis of the cylinder, and the oilier to a metal ring 
insulated on the extremity of its axis, 'i’he armatures of the magnet embrace tlie coil very clostdy, 
just allowing its rotation. The coil acts as the iron ket per generally furnished to magnets to prevent 
loss of power. 

The Alliance machine, invented by Nollct and Van Maldcren, is construcled with a number 
of bronze plates each carrjing at its circumference IG coils. These jdates ore mounted on 
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a horizontal axle actuated by a motor through a belt, and revolve between eight aeries of com- 
pound magnets, sot radially round the axis, and supported panillel to the plane of the plates by 
a special framework. As each magnet has two poles, one series presents 16 poles regularly 
distanced. There are an equal number of poles and coils, so that when one coil is facing a 
pole, the 16 others are also facing {>oles. These machines have four or six plates corresponding to 
64 coils and 40 permanent magnets, and 96 coils and 56 permanent magnets respectively. One of 
the poles for the total current is attached to the axle, which is in communication with the frame by 
means of the bearings ; the other pole terminates in a ring concentric to the axle and insulated 
from it. The current changes its direction every time a bobbin passes before the magnet poles. 
As there are 16 magnet poles, there are 16 changes a revolution, and as the machine makes 400 
revolutions a minute, tliere will bo at least 100 changes of direction a second. 

At ev(iry change of polarity the intensity of the current should pass zero. Thus 100 times a 
second the spark ceases to play between tiio two carbons in an electric lamp, but the light does 
not appear discontinuous. This is owing to tlie persistence of light on the retina, also that the 
true voltaic arc only produces a fraction of the {dectrit; light, tlic remainder being duo to the 
incandescence of the carbons. The tension of the current is insufficient to cause tljo spark to play 
to the distance between the cold carbons, but when these are raised to incandescence by the 
passage of tlie current, the surrounding atmosphere becomes better conducting, by the elevation of 
temperature and the presence of carbonaceous particles; the duration of the interruptions bedng 
very sliort, the properties of the atmosphere surrounding the carbon have not time to become 
sensibly modified, and the current recommences to pass. 



In Tltdmos’ mngneto-olooiric machine for the production of light, introduced in 1869, Fig. 1040, 
insU‘ad of the coils revi>lving before the magnets, the magnets revolve Udbre the cods. Part of the 
currtuit i>r<Mhieed is employed to magnetize the electro-magnets; and the coils can give several 
iiuioiienilont circuits, ami proiluco sc-veral independent lights in each circuit. 

Wilde's machine consi^t8 of two Siemens’ apparatus suporposeil and of unequal dimensions, 
with the mmUtication that in the larger the magnet is replaced by a powerful clecti-o-magnet. 
The upper and smaller machine is intended to magnetize the electro magnet, and is termed the 
exciting machine. A longitudinal bobbin revolves iHitwoon the two arms of the magnet, devtdop- 
in‘»^ altornatiug currents, which are redirected by a commutator, and led to the electro-magnets by 
two terminals. Beneath is a largo electro -magnet, the two branches of which are constructed of 
plates of sheet iron; and for tlie elbow of the liorseslim^ is substituted an iron plate carrying the 
exciter. The poles of this cUk? tro-niagnet are masses of iron separated by a copper plate, and form 
a oyliudrical cavity in which revolves the second Siemens* bobbin. This piirt ol tlie apparatus is 
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called the generator. The two bobbins are similar, but the dianietor of the larger is three times 
that of the other. The exttjrior conducting wires are attached to its poles. The insulated copper 
wires which cover the branches of the large electro-magnet are carried to terminals of the exciter. 
By the aid of two driving belts and a motor the two bobbins are caused to revolve, the smaller 
with a velocity of 2400 revolutions a minute, the larger with a velocity of 1500 revolutions a 
minute. The currents induced in the exciter maintain the larger electro-magnet strongly magnetized, 
and the currents induc«*d in the generator are utilized in exterior work. Their intensity is greater 
tiiaii the currents from the exciter. 

Ladd^s maciiine consists of two parallel electro-magnets; at the extremities of these are 
placed two Siemens* bobbins of different sizes. The small bobbin excites the clectro-nmgnets, 
and tliese react on tlie large bobbin which furnishes the working current. The wires from 
the electro-magnets are so connected that the contrary ixdts will he in relation when a single 
current passes. The free (‘nds of these wires are carrhd to terminals, where they receive the 
currents from the small bobbin. Ladd*s machine is alho based upon the principle of mutual iiecuinii- 
lation, discovered by Wheatstone, in which the exciting eleetro-niagiiets are inelialed in the main 
circuit, and by reciprocal action induce currents of great strength in the revolving portion of the 
machine, whilst themselves fed from this revolving portion. 

Trouve’s machine is composed of two or more electro-magnets in permanent magnetic (Kmtact, 
and participation in a rotary movement, like the trains of a rolling mill. The magnetic and electric 
circuits are both closed. The exits and entrances of the currents are made throiigli the hollow 
axles, wdiich admit in the centre the insulated comluctors. Figs. 1041 and 1042 rcple.*^ent front Bind 
side views of this maciiine. It consists of a strong, straight electro-magnet, iuluicucing a series 


1041. 1042. 



of straight electro-magnets, forming a circular bundle. The whole system is set in rotary motion 
by the large electro-magnet, which also serves as a fly-wheel. The machine give.s either reciprrical 
or eontinnons currents according to the arrangi rocuit of the commutator. It is either magneto- or 
dynamo-fh'CtTic according to the employment of permanent or electrf)-magnets. 

If the motion is as indicated by the arrow', all the electni-inagneU, defq, placed at the left 
of the poriiendicular, passing by the centre or axis, ai»proaeh the large electro-iiiagncd, whicli aflects 
them, and generates in tlieir respective liobhins positive currents; all the electro-magnets on the 
right of the pc'ri>endicular h ij k, receding from thf? great electro-magnet, are inlluenceil by negative 
currents. A special commutator collects these currents, either to use tlicm in quantity or in deri- 
vation, or to give them in tension. 

Fig. 1043 represents a CTrainme machine arranged on this princij)le. MM' are tw'o electro- 
magnets in permanent contact, by their opjiositc poles, with the discs N N', thus forming a single 
magnet, for which one of the discs serves as a .shank, and tlie other as an armature, constituting a 
completely closed magnetic circuit. Fig. 1044 represents in scjction one of the two discs N N', w hich 
are mounted on tlie common axle O. When they arc* set in motion, they communicah) a n»tary 
motion to tlui two electro-magnets, which influence them continually and thus geru rate currents in 
the s* Ties of bobbins which form the discs. The contact becomes more comph^e between M M' 
and N N', in proportion as the currents are stronger. 

A, Fig. 1107, is a large electro-magnet, serving as a fly-wheel to the crank C, or to a pulley 
monntcfl on its nxle ; B B', a cluster formed of the* small cilectro-niagnets de fit h / / k ; 1,, the base 
P P' P'' P"', friction springs, collecting the currents generated in tlie discs ; iV i" extremUios of the 
coils of the electro-magnets. This machine yields for each, of its discs, a light eciuivnlent to 
4800 candles. * 

Kapieffs machine consists of several ring-shaped inductors AAA, Fig. 1045, and several 
armatures of the same shape and arrangement, BBB are di.spoH(‘d alternahdy si<ie by side in 
planes normal to their common axis, the spaces between them being rendered as small as 
lioBsible. Tlie armatures BBB are fitted on a common shaft, wherewith they ere caused to 
rotate, while the inductors AAA being secured on a frame or stand, remain fixed • or inversely 
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S and N of a magnet, the soft iron is magnetized by induction, and there occur in the ring two poles, 
N' and S', opposed to the poles S and N. If the ring revolves between the poles of a permanent 
magtiet, the induced poles developed in the ring remain in the same relation with regard to the 
poles N and S, and are subject to displacement in the iron itself with a velocity equal, and of 





J5B* 


contrary direction to that of the ring. Whatever 
the rapidity of tlie movement, the poles N' S' re- 
main fixed, ajid each part of the copper helix suc- 
cessively will pass before them. 

An element of this helix is the seat of a current 
of a certain direction when traversing the path 
M S M', and of a current of inverse direction to the 
first when passing through the path M' N M. All 
the elements of the helix po.ssess the same pro- 
perty, all tlie parts of the helix above the lino 
M M' will bo traversed by currents of tl»e same 

direction, and all parts beneath the line by a current of inverse direction to the preceding. These 
two currents are <‘qual and opposed, and btilance one another. As when tvro voltaic butteries com- 
posed of the same number of elements are coupled in opposition, it is necessary only to put the 
extremities of a circuit in communication with the poles comtnon to the two batteries, and the 
currents become associated in quantity. Collectors of the current developed in the ring arc estab- 
lished on the line M M', where the currents in contrary direction encounter each other. 

lusulateii radial pieces R, Fig. 1050, are each attached to the issuing end of a coil, and to the 
entrant end of the following coil. The currents are collected on the pieces K, as they would be on 
the denuded wire. Tlu ir bent parts, brought parallel to the axle, are carried through and beyond 
the interior of the ring, and are brought near o!ie another uj)on n cylinder of small diametcjr. The 
friction brushe.s on the pieces II are in a ]>latie |M‘rpendicular to the polar line, and at the midtile 
or neutral points. The intensity of the current increases with tlie velocity of rotation; the electro- 
motive force is proportional to the velocity. F^.ttects of tension or of quantity are produce I by 
winding tlie ring with fine or coarse wire. With equal velocities of the ring the ttmsion will be 
proportional to the number of convolutions of the wire ; but the internal resistauce increases in the 
same propoition. Thick w'ires give the b<"st results. 

Various machines have Wen constructed on the Gramme principle for experimental purposes. 
The first type of this apparatus was horiz<mtul, and gave a current equivalent to nearly throe 
ordinary Bunsen elements. Since the invention by Jamin of laminated magnets, nearly all the 
laboratory machines have been constructed with magnets on this system. 



Gramme's first light-machine gave a light of 7000 to 8000 candle-power. Its total weight 
amounted to 2200 lb. It had three movable rings and six bar electromagnets. One of the rings 
excited the electro-magnet, the other two produced the working current. The copper wound on the 
electro-magnets weighed 5501b; that of the three rings, 165 1b. The space required, 31^ inches 
length, hy 4 ft. in. height. This machine lighted the clock-tower of the Houses of Parllamoiit. 
It becfime slightly heated, and gave sparks lietween tlie metallic brushes and the bundle of con- 
ductors on which the current was collected. 




DTNAMO-BLEOTEIO AND MAGNETO-ELEOTEIO MACHINES. 488 


FigB. 1051 and 1052, the latter to an enlarged scale, are of a machine which ooneists of two 
standards of oast iron arranged vertically, and connected by four iron bars serving as cores to 
electro-magnets. The axle is of steel, its bearings are relatively very long. The central ring, 

1052. 



instead of a single wire attached by equal sections to a cominou collector, is ft»rmed of two wires of 
the same length, wound parallel on the soft iron, and connected to two collectors to receive the 
currents. The polos of the electro-magnet are of large size, and embrace seven-eighths of the total 
circumference of the central ring. Four brushes collect the currents produced. The electro-magnet 
is placed in the circuit. The total length of the machine, including the pulley, is 31^ in. ; its 
widths 1 ft. 9i in. ; and its Ijcight, 23 in. Its weight is 880 lb. 

The double coil is connected to 120 conductors, CO on each side. Its exterior diameter is 8 in. 
The weight of wire wound on is 31 lb. TJie electro-maguct Imrs have a diameter of in., and a 
length of 15| in. The tobd weight of wire wound on the four bars is 211 lb. The winding of the 
wires on the ring is effected ss if two complete bobbins were put one beside tl»e other, and these 
two bobbins may bo connected in ttmsion or in quantity. Coupled in tension, they give a luminous 
intensity of 6400 candle-power at 700 revolutions a minute ; coupled in quantity they give 16,000 
candle-power with 1350 revolutions a minute. 

The following Table I, gives the results obtained with a Gramme machine of the workshop type, 
a Serrin lamp, and Gaudoin carbons. Tlie motive power employed did not exceed 2 horse-power, 
when the machine w’as making 820 revolutions, and 3 horse-power at 900 revolutions. The lamp 
was distant 200 yards from the machine feeding it, and kept at a height of 15 ft. 


Table I. — ^Eably Expebihekts with Gbahmb Machines. 


No. of 
Revolutions. 

Distance of 
Observer from 
I^mp. 

Candle-power 

Light. 

Remarks. 

820 

fpet 

135 

2464 

The current was too feeble to main- 

820 

67J 

8600 

tain the carbons in. apart. 

820 

80 

4120 

1 

820 

15 

4800 

Distance apart ^ in. regularly. W erk- 

820 


4806 

ing sntisfactorily. 

870 

135 

8200 


870 

67* 

4400 

* 

870 

80 

6480 

1 

1 

870 

15 

8800 i 

Too high tension. The carbons heat 

870 

7h 

9040 1 

! for considerable length. The light 

920 

135 

8616 

unsteady. 

920 

67i 

5632 


920 

80 

9656 1 


920 

1 

11862 

i 

920 

7i 

11520 

! 


2 I 2 
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The electric current is produced in Siemens’ dynamo-electric machine, Figs. 10S3 and 1054, by the 
rotation of an insulated conductor of copper wire or armature coiled in several len^hs, say 8, 12, 16 
up to 28, and in several layers, longitudinally, upon a cylinder with a stationary iron core n n, s 
so that the whole surface of the armature is covered with longitudinal wires and closed at both ends. 



This revolving armature is enclosed to the extent of two-thirds of its cylindrical surface by curved 
soft-iron bars. 

The curved bars are the prolongations of the cores of the electro-magnets E. The coils of 
the electro-magnet form, with the wires of the revolving armature, one continuous electric circuit, 
and wlien the armature is caused to rotate, an electric current, at first very feeble, is induced, by 



tho remanent magnetism in the soft-iron bars, and directed through the collecting brushes into tlio 
electro-magnet coils, thus strengthening the magnetism of tlie iron bars, which again induce a still 
more powerful current in the revolving armature. 

At each revolution the maximum ma^ietic effect upon each convolution of the armature is pro- 
duced just after it passes through the middle of both magnetic fields, which are in a vcjrtical plane 
passing through the axis of the machine. The minimum effect is produced when in a plane at 
right angles or horizontal. 

Induced currents are collected by brushes 13, placed in contact with the commutator in the 
position which gives the strongest current. 

The circumference of the revolving armature is divided into an even number of equal {mrts, 
each opi>osite pair being filled with two coils of wires, the ends of which ore brought out aud 
attached to a commutator. 

The machine gives the following results for tho various sizes; — 


Rerolntions per 111 am Inating Power. 
Minute. j Standard Candles. 

Horse-power. 

Weight 

850 

1,200 

2 

Ib. 

280 

650 

6,000 

4 

420 

360 

14,000 

S 1 

1,288 


Only one Siemens or Serrin lamp can be burnt in the circuit of one of these machines. 

The Gramme and similar machines are reversible; the rotation of the bobbin gives rise to an 
electric current ; and reciprocally, if a current traverses the bobbin, tho latter is caused to revolve. 
Because of this complete reversibility, all theories should he equally cicceptablc for both fuifttions 
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of the machine. The usual demonstrations do not fulfil this condition ; but A. Breguet has shown 
that if the Gramme ring be considered as an extension of Barlow’s wheel, theoretical views can be 
taken of the greatest simplicity. As is well known, Barlow’s wheel consists of a metallic conductor, 
bent twice at right angles, and supported at the middle of its length on the point of a vertical axis, 
the axis of rotation of the system. The bent branches are parallel with this axis, and dip at their 
lower ends into a circular canal containing mercury ; this canal is divided by ebonite partitions into 
equal parts, which are connected to the poles of a battery. The current from the battery passes to 
one semicircular canal of mercury, up one bent arm of the conductor, along the horizontal member, 
and down the other bent arm to the other semicircular canal of mercury. The whole apparatus is 
placed between the poles of a powerful permanent magnet, so that the diameter formed by the 
ebonite partitions is perpendicular to the line joining the magnet poles. On completion of the 
circuit, tne conductor commences and continues to rotate. Breguet, to simplify explanation, terms 
the diameter formed by the partitions the diameter of commutation ; and the raa^etic field 
developed by the currents of the moving parts, the galvanic field, to avoid confusion with the mag- 
netic field properly so called. If several convolutions are substituted for the single wire, the 
moment of revolving force will be increased proportionately to the number of the convolutions, pro- 
vided that the resistance introduced by the increased length of wire does not sensibly reduce the 
strengtli of the current. 

If a continuous frame be formed, so that in four crossings the wire on the upper part of the frame, 
as it is brought up, is at riglit angles to the crossing by which the wire was carried down, an 
approximation to tlie Altoneck or Siemens armature is obtidned, the commutation in this case being 
arranged by four pieces pendent from the lower part of the frame. 

If an iron cylindrical ring be arranged so that the axis of this ring is parallel to the axis of 
rotation of tlie wire conductor, which passes up the outside of one diameter of the cylinder, down 
upon the inside of the cylinder, across to the inside of the cylinder ujwn the fartbet part of the 
diameter, returning to tlie mercurial commutator by the outside of tlie cylindrical ring, an approxi- 
mation is obtained to the Gramme ring. The iron cjdinder acts as a magnetic screen, shutting off 
the action of the permanent magnet upon the interior wires, as in the Gramme machine. 

Brcguct’s views confirm the experiments made by Lippman, which go to prove that magnetic 
scTOns acting as armatures cease to fulfil this function when under movement of translation. This 
arises from the ring or screen, which in a state of rest concentrates or deviates upon itself the lines 
of forc42, when in movement hiking up and abandoning an equal number of these lines in a given 
time, rendering its ooncentrative effect nil. 

If d be the diameter, and c the width or length of a Gramme or Altcneck bobbin, the length of 
wire necessary to complete convolution is in the Gramme bobbin 4 (?, and in the Alteneek bobbin 
2 (<? -f d), no account being taken of the extra length duo to superjiosition of the layers of wire. 
If 4 < 2 (tf 4- d), the Gramme will be more effective, and if 4 <?> 2(<7 + d), less effective, than the 
Alteneek machine; if 4<? = 2 (c -f d), the two machines will furnish identical currents. This equa- 
tion being equivalent to c = d, according as the width or length of the bobbin is less or greater tlian 
its diameter, so will the Gramme machine be superior or inferior to that of Altcneck. Breguet con- 
siders that a drawback to the efficiency of the Altcnwk machine is the necessity of fashming down 
the wires on the cylinder by bands, to prevent the wires, during c^entrifiigal action, bowing out into 
contact with the exciting inagntsts, bec'ause these bands prevent the active wires being brought in 
sucii close proximity to the exciting magnets ns in the Gramme machine, where the shortness of the 
wire docs not call for this binding down. 

Whilst the soft-iron armature of the Altcneck machine serves merely to reinforce the magnetic 
field in the region of the m(»ving circuit, the annular core of the Gramme machine withdraws the 
internal wires of its armature from the normal action of the Hues of force of the field. The angular 
displacement of the commutator occurring with such macliines is not due to retardation conscHjuent 
U{K}u time necessary to magnetize or demagnetize the soft-iron cores, because such angular displace- 
numt occurs witli machines not posseasing iron cores ; And if the machine is to be used ns an electro- 
motor converting electricity into mccbauicul work, the angular displacement of the commutator 
brushes should be in a direction opposite to tliat of the rotation of the armature, and in the same 
direction as that of the rotation when tlio machine is einploycil as a generator of electric currents. 

Tile following are various methods of winding the coils of the armatures of dynamo-electric 
machines described by Breguet. 


1055. 


1056. 


105t. 



The wire is wound longitudinally on a cylinder, of which Fig. 1055 represents one of the ends. 
All t^e convolutions traverse the opposite end by one of tlie diameters. Starting from 1, the wire 
croasos the nearer end by 1> 2, ana returns by 3 from the farther end of the cylinder, and so on. 
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Fig. 1055 shows how eaoh transversal branch is oonneotod to the eight metallic sectors, whidh during 
Tevolation of the cylinder are brought into contact with the wire brushes for collecting the current. 
Tlie diameter X Y is that on which these points of contact occur. The poles of the magnet are 
above and beneath this diameter. 

In Frolich’s system the farther end is crossed by the wires following its diameters. The 
remaining connections will be understood from Fig. 1056. 

Breguet proposes two systems of winding, in which the wires crossing the farther end of the 
cylinder do not necessarily follow its diameter. One of these systems is shown in Fig. 1057, for 
which superiority to the preceding is claimed on the ground that loss length of wire is required to 
produce the same results, and by this means the heat developed in the bobbin by the passage of the 
currents is reduced, the economic coefficient being proportionally raised. 

^ The following table gives the four systems of winding in the order of increasing merit, the last 
being the best, and the numencal column iiidioates the length of inactive wire as a function of the 
radius of the ends of the cylinder. The length of effective wire is supposed to be the same in 
each case; — 


Frolich's system 80 ’8 

Altenecks „ 30*5 

Breguet’s „ 26*0 


Edison’s machine, Fig. 1058, consists of a tumng*fork A*, firmly attached to a stand B*. This 
fork is of two prongs, but one only need bo employed. The vibrating fork may be 2 yds. in length, 
a^ heavy in proportion. It has its regular rate of vibration, and the mechanism that keeps it in 
vibration is to move in harmony. A 
crank or revolving shaft may be em- 
ployed, but it is preferable to use a ~ 

small air, gas, or water engine, ap- R L 

pli^ to each end of the fork. The / S 

cylinder A* contains a piston and a / J \ 

rod B*, connected to the ends of the / r \ 

fork, and steam, gas, water, or other / \ 

fluid under pressure acts within the (f / \ 

cylinder, being admitted first to one / i \ 

side of the piston and then the other / L 

by a valve. The valve and directing JL— 1 

rod C* are shown for this purpose. rl— 

Tlie fork A* may be a permanent I ^ \ j 

magnet or an electro magnet, or it Y' ^ ^ 

is provided with permanent or r-iLiiLJL .Ias ~ ^ "" 

electro-magnets. An electro-magnet, Hirri W i Jl’ ' 1 

C. ia shown on each prong of tUe l/J« IliisiflfTH 

fork, and opposed to these are the \.4[riw. 

cores of the electro-magnets D. ^ ^ 

Hence, as the fork is vibrated, a K 7 £ 

current is set up in the helix of each to '-v I X 3 

electro-magnet D, in one direction \ y 

M the cores approach each other, and \ / 

in the opposite direction as they ^ 

recede. This alternate current is 
available for electric lights, but if 

it is desired to convert the current ? 

into one of continuity in the same ^ 

direction, a commutator is employed, 

operated by the vibrations of the 1 i \ . 

fork to change the circuit connec- \ \ I j 

tions in each vibration, and thereby \ J 

make the pulsations continuous on x. y 

the line of one polarity. A portion 

of the current thus generated may / \ f \ 

pass through the helices of tlie [ \ ^ \ 

electro-magnets C, to intensify them 11 B J 

to the maximum power, and the \ / 

remainder of the current is employed V — / 

for any desired electrical operation. 

The commutator springs or levers 

C» 0* are ^P®»hid by rods 45. When the prongs of the fork are moving from each other, the 
p ^ P j>e with the eorews 40, 41, and the current will be from lino 1 

^r^gh C to C, thence to 0 and to 41, 43, and to the elcctro-mognete DD; from these by 42 to 
W C and lin^ es shown by tte anows. When the prongs A* are vibrating towards each other. 
DD“^*and b^C*to“u^. ^ direction through the circuit and magneto 

coniisto of a wrles of electro-magnets in the form of a wheel, the north 

adjacent magnet. Eaoh electro-magnet, when the wheel 
IS at rest, stands with its poles beneath the nolea of a rtArmihnaTif ... 


- .X A J •?! T. uAa{$ucii. xsttuii eiccvro-matroei;, wnen tne wneol 

IS at rt^, stands with its poles beneath the poles of a horseshoe permanent magnet. These per- 
faP“®ts are set m a fix^ frame around the periphery of the wheel of electro-magnots. ^ 
insulated wires on the coils of the armature of the machine are all wound in the same direction, 
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only the outer end of the wire of one coil is connected with the outer end of the wire of a coil next 
to it; whilst the inner end of the wire of the one coil communicates with the inner end of another 
coil next to it. The alternating currents produced are thus of the same sign throughout the whole 
ring. The two terminals of the wire on the ring, which constitute the two poles, communicate 
respectively with two copper rings fixed on the axis of the machine, and insulated from it. Two 
thick copper wires are in frictional contact with these rings, an<l are connected to terminal screws, 
from which the current is obtained. Multiple-circuit macliincs have been designed with the special 
purpose that the whole system of lighting should not be dependent upon the continuity of one 
circuit. This advantage necessitates a greater expenditure of motive power to produce the same 
light power. 

Lontin introduced into England, in 1875, a plan for converting the whole of the electricity pro- 
duced in the revolving armature of a machine, into the exciting magnets, instead of a portion. 
This ha(i the effect of rendering the exciting magnets very powerful in a shoii; time, and the mag- 
netic resistance to the rotation of the coil increased in a few minutes to the extent that it was 
found difficult to overcome it. The circuit was then broken by an automatic commutator, and the 
special working circuit inserted. In 1875, Lontin constructed a maclune to overcome the diflScuIty 
of the heat generated in the coils of the former machine. This latter consisted of an armature in 
the form of a wheel, with a central boss and spokes of soft iron, mounted on a shaft to which 
rotary motion could be imparted. Fig 1059. Each soft-iron spoke of the wheel has a coil of wire 



wound on it, and is, in fact, an electro-magnet, which becomes a source of induced electricity when 
the wheel is revolved between the poles of a fixed electro-magnet. The residual magnetism of the 
cores of the electro-magnets is sufficient at first to generate a feeble current in the coils when the 
wheel is rovolveil ; and a portion of this current, kept in one direction by a commutator, is diverted 
in the usual manner into the fixed electro-magnets, to inten^ifv them. 

One nr several of these induction wheels may be applied on the same shaft, placing them 
opposite one or more series of permanent or electro-magnets. When two wheels are fixed on the 
same shaft, one of thorn can supply currents exclusively for feeding the electro-magnets, and the 
currents from the other can be used for external work. If the currents are required to be of only 
one direction, a commutator or collector is employed, and one for each coil or pair of coils is placed 
on the shaft, to each being attached the two ends of the wire of the corresponding coil or piur of 
coils. When merely collectors are used, all the coils on the wheel are connected up in series, so as 
to form a completely closed circuit as iu Fig. 1059. All the coils approaching a pole of the 
electro-magnet ore inversely electrified to those receding from the same pole. A metal strip is 
arranged opposite the polo of the electro-magnet, to collect, by contact, the electricity generate iu 
the coil at the instant that its polarity becomes reversed ; a similar rubber is also applied opposite 
the other pole of the electro-magnet. In order to avoid oxidizing effect under the action of sparks, 
the commutators are enclosed in a bath of non-drying oil. 

Lon tin's greatest improvement is the construction of dynamo-electric machines with inducing 
electro-magnets having a rotary motion, whilst the induced coils are stationary. Figs. 1060 and 1061 
are of this machine. The ooiU of the induction wheel are in this case the inducers, and are trans- 
formed into electro-magnets by the current of a spare magneto-electric machine passed through 
them. On rotation of the wheel they induce in the surrounding coils a series of< currents, which 
can be utilized, without the use of oolleotor or contact-ring. A machine having 50 induced coils, 
would have 50 sources of electricity that could be employed either separately or combined. 

The fixed electro-magnet shown in Fig. 1059 may have its cores prolonged, so that more than one 
coil of insulated wire can bo placed upon them. Thus, when the wheel is turned into an inducer, 
by reason of the currents already induced in it by the electro-magnets, it will in its turn induce 
currents in the additional colls, and these currents can be utilized for electric lighting. Figs. 1060 
and*1061 arc of a machine employed as a generator to supply currents to the dividing machine. 
Pig. 1062. 
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The dividing machine oonaists of a revolving drum carrying a seriee of rad W mamets. The 
coils of these radial magnets are connected together, so that one magnet has its positive pole at 
the outside end, and the succeeding magnet its positive pole at the inside end. The rawal magnets 
are thus made to alternate their poles considered as a circumference to the wheel. By tMs arrange- 
ment the revolving wheel induces a number of alternate currents, equal to half the number 



of spokes. An exterior commutator, which may be connected up in many different ways, enables 
the^ currents to be combined as required. This duplex Lontin system gives a h>tal illummnting 
power of 12,000 candles. The generating machine is driven at 250 revolutions, and the distributing 
or dividing’ machine at 400 a minute. With an engine of 8 horse-power nominal, 12 light-circuits 

can be maiutained. . . . - . i -ii. 

The Gramme distributor, Figs. 1063 and 1064, consists of a ring of iron wound with coils of 

insulated copper wire, alternately 
right and left handed, the wire 
being coiled in one direction, so 
as to cover one-eighth part of the 
ring, then in the opposite direction 
for the next eighth part, each of the 
eight sections of the ring being 
wound in the reverse direction to 
the winding of the two adjacent 
sections. This ring may be con- 
sidered as eight curved electro-mag- 
nets placed end to end, with their 
similar poles in contact, so as to 
form a circle. It is rigidly fixed iu 
a vertical position to the solid fram- 
ing of the apparatus, the inducing 
electro-magnets revolving within it. 

There are eight electro-magnets 
fixed radially to a central boss re- 
volving upon a liorizontal shaft, 
upon which is a pulley, driven by 
a band from a motor. These radial 
flat electro-magnets are wound alter- 
nately right and left handed, and 
their alternate ends are consequently 
of opposite polarity. The cores of 
these magnets are extended by plates to increase the area of the magnetic field by which currents 
are induced in the coils of the ring. 

There is no self-contained apparatus for producing the current by which tho oloctro-magnots 
are magnetized, but a small Gramme machine of the continuous current type is employed, and is 
driven by a separate strap. The current from this machine is caused to circulate in the coils of tho 
rotating radial electro-magnets, by which these are magnetizcnl to saturation. Each section of the 
ring is built up of four subsections, ahed^ Fig. 1064, and all these subsections of any one section 
are wound in the same direction. This subdivision admits of tho connecting-up of tho subsections 
into 32, 16, 8 or 4 circuits. All the substations marked a are influonoed by the rotating maguets 
in precisely similar manner, because the influence of a north pole upon a coil wound in a right- 
handed direction is the same as that of a south pole upon a coil wound in a left-handed direction. 
Similarly, the currents in all the 6 coils are of on© diro^ion, whatever the position of the rotating 
magnets. Thus, all tho coils similarly marketl can Ijo connectod into one circuit, and terminal 
screws are provided for the required arrangement. The current from the small machine is led to 
the rotating magnets through the flat brashes of silvered copper wire attached to tho framework of 
tho machiue, and in rubbing contact with two insulated copper cylinders, one connected to each 
end of the magnet circuit. 
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A largest sized maobine supplies 16 Jablochkoff candles, each of 1000 candle-power, at a speed 
of 600 revolutions a minute, absorbing 16 horse-power. 

On the mechanical efficiency of dynamo-electro machines, Paget Higgs states, there can be 
nothing done in the inter-comparison of any natural force until accurate measurements have been 



made. For these measurements the electrical engineer has mainly to look to the labours of the 
oc^mlttoo on dynamo-electric mnchincs formed by the Franklin l^titute, and to Houston and 
Thomson’s report as to the ratio of efficiency in the conversion of motive power into eleotrioity. 
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In enteriiifi: this comparatively new field of research, i)eculiar difficulties occurred, owing to con- 
ditions that do not oxint in the various forms of batteries usetl as sources of electrical power. In 
many battery circuits a high external resistance may be employed, and the electro- motive force 
remains comparatively constant, while in dynamo-electric machines, in which the reaction prin- 
ciple is employed, the introduction of a very high external resistance into the circuit must bo 
necessarily attended by decided variations in the electro-motive force, due to changes in the 
intensity of the magnetic field in which the currents have their origin. Moreover, a considerable 
difficulty is experienced in the great variations in the behaviour of those inaidiines wln n the 
resistance of the arc, or that of the external work, is changed. Changes, due to loss of conductivity 
by heating, also take place in the machine itself. 

These variations are also attended by changes in the power required to drive the engine, and in 
the speed of running, which again react on the current generated. 

There are certain normal conditions in the running of dynamo-electric machines designed for 
lighting, under which all measurements must be made, viz. ; — 

The circuit must be closed, since on opening, all electrical manifestations cease. 

The circuit must bo closed through an external resistance equal to that of the arc of the 
machine. 

The arc taken ns the standard must be the normal arc of the machine. This condition can 
only 1^ fulfilled by noticing tlio behaviour of the machine, while running, as to the absence of 
sparks at the commutator, the heating of the machine, the regularity of action in the consumption 
of carbons in the lamp, &c. 

The speed of the machine mu»t be, as nearly as possible, constant. 

The power required to maintain a given rate of 8|>eed must be, as nearly as possible constant. 

The machines submitted to (ho committee of the Fraukliii Institute for deterininatiou were as 
follows ; — 

Two machines of different size, and of somewhat different detailed construction, built accord- 
ing to the invention of C. F, Brush, and styled respectively in the report as A‘, the larger of the 
two machines, and A®, the smaller. 

Two machines known as the Wallace-Former machines, differing in size, and in minor 
details of construction, and designated resj»ectively as B‘, tlie larger of the two, and B®, the 
smaller. In the case of the machine B', the experiments were discontinued after the mea.*4hrement 
of the resiataiiccs was made, insufficient power being at disposal to maintain the machine at its 
proper rate of speed. 

A Gramme machine of tlie ordinary construction. 

All the above machines are constructed so that the whole current traverses the coils of the field 
magnets, being single current machines, in which the reaction principle is « nqdoyi d. In the ctise 
of the machine designated A*, the commutators are so arranged as to permit the use of two sepa- 
rate circuits when desired. 

For the pnrj) 08 e of preserving a ready measure of the current produced by eaeli machine, under 
normal conditions, a shunt was constructed, by which an inconsiderable but definite proportion of 
the current was caused to traverse the coils of a galvanometer, thus giving witli t acii machine a 
convenient deflection, which could at any time be reproduced. As the interjio.dtion of this shunt in 
the circuit did not apjircciably increase its resistance, the normal conditions of running were pre- 
served. 

As indicating the preservation of normal conditions in any case, the specMl of running and tho 
resistances being the same as in any previous run, it was found that when there was an equal exjH ii- 
diture of power, as indicated by the dynamometer, the current produced, as indicated by tho 
galvanometer, was in each case the same. 

Certain of the machines experimented with, heated considerably on a long run; most of the 
tests, therefore, vrere made when the machines w^cro as nearly us possible at about the temjK‘mturo 
of the surrounding air. It is evident that no other standard could be well adopUnl, as under a 
prolonged run the temperature of the different parts of tho machine wouhl inercose very un- 
equally ; and, moreover, it would be impossible to make any reliable measurements of the" tem- 
peratures of many such parts. 

In measuring the resistance of the machinc.s, a Wheatstone's bridge, with a sliding contact, 
was used, in connection with a delicate galvanometer and a suitable voltaic l)attery. In taking the 
resistances of the machines, several measur^-ments were made with tlie armatures" in different fwsi- 
tious, and the mean of these measurements taken as the true resistance. 

It was, of coarse, a matter of the greatest importance to obtain a value for the n^si.stauce of the 
arc in any case, since upon the relative values of this resistance, and that of the machine, the 
efficiency would in any given case to a ^eat extent depend. In each case, the arc of wliich the 
resistance was to be taken, was that which was obtainea when each machine was giving its average 
results as to steadiness of light and constancy of the galvanometer deflection. 

The method adopted for the measurement of the arc was that of substitution, in which a resist- 
ance of German silver wire, immersefl in water, was substituted for the arc, without altering any of 
the conditions of running. This substituted resistance was afterwards measured in the usual way 
and gave, of course, the resistance of the arc. It could, therefore, when ho desired, servo as a suC 
stitute for the arc. No other method of obtaining the arc resistance apptfared applicable, since tho 
constancy of tho resistance of the arc required the passage of the entire current through tho 
carlxms. 

It may Ije mentioned, as an interesting fact in this connection, that when the current flowing 
was great, the arc correapoiiding thereto had a much lower resistance than when the current was 
small. This fact is, of course, due to increased vaporization, consequent on increased temperature 
in the arc. ^ ^ 

In determining the true arc resistance, the resistance of the electric lamp controlling the arc 
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was measured separately, and deducted from the result obtained with the German sUyer wire sub- 
stitute. 

For ease of obtaining a resistance of German silver wire equal in any case to that of the arc, a 
simple rheostat was constructed, by winding, upon an open frame, such a length of wire as was 
judged to be in excess of the resistances of any of the arcs to be measured. By means of a sliding 
contact, successive lengths of the wire were added tintil the conditions were reproduced. With 
this arrangement, no dilficulty was experienced in reproducing the same conditions of normal run- 
ning as when the arc was used. The same conducting wires were used throughout these experi- 
ments. Being of heavy copper, their resistance was low, about ‘OlG ohm. 

To dtitermine the value of the current, two methods were selected, one based on the production 
of heat in a circuit of known resistance, and the other upon the comparison of a definite proportion 
of the current with that of a Danh lVs battery. 

In the application of the first method, eight litres of water, at a known temperature, were taken, 
and placed in a suitable non-conducting vessel. In this was immersed the German silver wire, 
and the sliding contact adjusted to afibrd a resistance equal to that of the normal arc of the 
machine under consideration. This was now introduced into the circuit of the machine. All 
them arrangements having been made, the temperature of the water was accurately obtained by a 
delicate thermometer. The current from the machine running under normal conditions was 
allowed to pass, for a definite time, through the calorimeter so provided. From the data thus 
obtained, after making the necessary corrections as to the weight of the water employed, the total 
heating effect in the arc and the lamp, as given in Table II., was deduced. 

Since the heat in various portions of an electrical circuit is directly proportional to the resistance 
of those portions, the total boat of the circuit was easily calculated, and is given in Table III., in 
Knglish heat-units. For ease of reference, the <x>nstant has been given for conversion of these 
units into the metrical units of heat. 

Having thus obtained the heating efiect, the electrical current is — 


C = 



WAX 772 
R^c * 


where C = the Weber current an ohm, W the weight of water in pounds, A the increase of tempe- 
rature in degrees F., 772 Joule’s constant, R the resistance in ohms, t the time in seconds, and c the 
con^tant, • 737335, the equivident in IViot-pounds of one weber an ohm a second. The currents so 
deiluced for the different machines are given in Table VI. 

The other method employed for obtaining the current, the comparison of a definite portion 
thereof witli the current from a Daniell's battery, was i\s follows ; — A shunt was constructed, of 
which one division of the circuit was * 12 ohm, and the other 3000 ohms. In this latter division of 
the circuit was placed a low -resistance galvanometer, on which convenient deflections were obtained. 
This shunt being placed in the circuit of the machine, the galvanometer deflections were carefully 
noted. To the resistance afforded by the shunt, such additional resistance was added, as to make 
the whole equal to that of the normal arc of the machine. These substituted resisbinces were 
immersed in witter, in order to nmiutain an equable temperature. 

Three DaiiieU’s cells were cari fully ei*t up ami [)ut in circuit with the same galvanometer, and 
with a std of standard resistance coils. Kesistances were unplugged sufficient to produce the same 
deflections us those noted with the shunt above mentioned. The shunt ratio, as nearly as could 
conveniently be obtained, was Then the formula 




1*079 


R 


where C equals the Weber current, s the reciprocal of the shunt ratio, n the numlwrof cells employed, 
1*079 the assumed normal value of the electro-motive force of a Dtiniell’s cell, and R the resistances 
in the circuit with the buttery, gives at once the current. In comparison with the total resistances 
of the circuit, the internal resistance of the battery was so small as to be neglected. 

The results obtaiuoil, Table II., were as follows ; — 


Table II. — Compabison op Resistances. 


Name of Macbiuc. 


Shunt 

liatio. 


XNU. «I 

Danicirs 

Cells. 


Itesistances i Speed of 
Unplugged. < Machine. 


i 

; Largo Brush 

Small „ , „ 

Wallace-Farmcr { ” 

l ! 

Gramme j „ 


3 


>» 

»» 

»* 


ohms. 

rev. 

2710 

1340 

3700 

1400 

8320 

844 

6980 

1044 

4800 

800 


Tlio Weber currents, as calculated from the above data, arc given in Table VI. 

From the results thus derived, the electro-motive force was deduced from tlie general for- 

E = C X R. 


The electro-motivo force thus calculated will be found in Table VI. 

Statements are frequently made, when speaking of certain dynamo-electric machines, that they 
ifre equal to a given number of Daniell's or other well-known battery cells. It is evident, however, 
that no such comparison can pioperly be made, since the electro-motive force of a dynamo-electric 
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machine, in which the reaction principle ia employed, changes cx)naidenibly with any change in tlie 
relative resistances of the circuit of which it forms a part, while that of any good form of battery, 
disregarding polarization, remains approximately constant. The internal resistance of dynamo- 
electric machines is, as a rule, very much lower than that of any ordinary series of battery cells, as 
generally construct^, and, therefore, to obtain with a battery conditions equivalent to those in a 
dynamo-electric machine, a sufficient number of cells in series would have to be employed to give 
the same electro-motive force ; while, at the same time, the size of the cells, or their number in 
multiple arc, would require to be such that the internal resistance should equal that of the 
machine. 

Suppose, for example, that it be desired to replace the large Brush machine by a battery whoso 
electro-motive force and internal and external resistances are all equal to that of the machine, and that 
as a standard a DanieU’s cell of an internal resistance, say, of one ohm is adopted. Referring to 
Table VI., the electro-motive force of this machine is about 39 volts, to proiluce which about 
37 cells, in series, would be required ; but by Table IV., the internal resistance of this machine is 
about *49 ohm. To reduce the resistance of our standard cell to this ligure, when 37 cells are 
employed in series, 76 cells, in multiple arc, would be required. Therefore, the total number of 
cells necessary to replace this machine would equal 37 X 76, or 2812 cells, working over tlie same 
external resistance. It must be borne in mind, however, that although the machine is equal to 
2812 of the cells taken, no other arraugemcmt of these cells than that mentioned, namely, 76 in 
multiple arc and 37 in series, could reproduce the same conditions, and, moreover, the external 
resistances must be the same. The same principles, applb'd to other nuichines, would, when the 
internal resistance was great, reejuire a large numbt'r of cells, but arrangiHl in such a way as to be 
extremely wasteful, from by far the greater p(>rtion of the work l)eing done in overcoming the 
resistance of the battery itself. The true comparative measure of the efficiency of dynamo-electric 
machines, as means for converting motive power into work derived from electrical currents, whether 
as light, hetit, or chemical decomj)Osition, is found by comparing the units of work (ymRumed 
with the equivalent units of work api>earing in the circuit external to the machine. In ^fable V. 
the comparative data are given. In the first column the dynamometer reading gives the total j>owcr 
consumed, from which are to be deduced the figures given in the second column, being the work ex- 
pended in friction, ami in overcoming the resistance of the air ; although, of course, it imist lx* borne 
in mind that that machine is the most economical in which, other things l>eing equal, the resistance 
of the air and the friction are the least. The third column gives the total jK)wer t'Xpended in pro- 
ducing electrical effects, a j)ortion only of which, however, app( ars in the ettVKitive circuit, the 
remainder being variously consumed in the production of Icjcal circuits in the difierent masses of 
metal comjwsing the machines. This work eventually appears as heat iu tlie machine. Columns 
four, five, and six give respectively the relative amounts of pow'er variously appemnngas heat in the 
arc, in the entire circuit, and as heat due to local circuits in the conducting niasses of metal in the 
machine, irrespective of the wire. This latter consumption of force may 1x3 convcnitiiitly described 
as due to the local action of tlie machine, and is manifestly comparable to the well-know'u local 
action of the voltaic battery, since in each case it not only acts to diminish the ettbetive current 
produced, but also adds to the cost. 

No determination made with an unknown or abnormal external resistance can he of any value, 
since the proportion of work done, in the several portions of an electrical circuit, depemls upon, and 
varies with, the resistances they offer to its passage. If, therefore, in separate determinations with 
any particular machine, the resistanc^e of that part of a circuit of which the work is measured be in 
one instance large in proportion to the remainder of the circuit, and in another small, the two 
measurements thus made woubl give widely different results, since in the ca.se wiicro a large resist- 
ance was interjwsed in this part of the circuit, the ix3roentage of the total work a])pcaririg there 
would be greater than if the small resistance had been used. 

Wlien an attempt has been made to determine the efficiency of a singbi machine, or of tlie rela- 
tive efficiency of a numlxjr of machines, by noting the quantity of gas evolved in a voltameter, or by 
the electrolysis of copper sulphate in a decomposing cell, when the resistance of the voltanu'ter or 
decomposing cell did not represent the normal working resistance, it is mainfest that the results 
cannot properly be taken as a measure of the actual efiiciency. 

In Table iV. it will bo found that, in general, wdierc the machine used bad a high intenml 
resistance, the arc resistance normal to it was very high, but they are not necessarily de{>endent 
upon each other. The arc resistance depends on the intensity of the curr<‘nt, tbo natiire of tl»o 
carbons, and on the distance apart. Other conditions lx3ing the same, the resistance of the arc is 
less when the current is great. 

Since all the machines examined were built for lighting, it will readily be sfjen that, other things 
being equal, that machine is the most economical in which the work done in the arc Ixjars a con- 
siderable proportion to that done in the wliole circuit, and since, with any given current, the work 
is proportional to the resistance, we liave in Table IV. the data for comparison in this regard. For 
example, in the second determination of A*, the large Brush machine, tlie resistance of the arc con- 
stitutes considerably more than one- half the total resistance of the entire circuit, while in B*, the 
small Wallacc-Farmer machine, it constitutes somewhat more than one-third the total resistance. 
These relative resistances give, of course, only the projxirtion of the current generated, which is 
utilized in the arc as light and heat, the conditions of power consumed to produce the current not 
being there expressed. 

During any continued run, the heating of the wire of the machine, eitlier directly by the current, 
or indirectly fiom conduction from those pu^s of the machine heated by lf»cal action, as explained 
in a former part of this report, produced an increased resistance, and a crmse^iuent falling off in tho 
effective current. Thus in Table IV., at the temperature of 73*5° F., A*, the large Brush machine, 

a resistance of *485 ohm, while at 88° F., at tho armature coils, it was *495 ohm. TheSe 
differences were still more marked in the case of B'. 
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In A®, the small Brush machine, it will be noticed that two separate values are given for the 
resistance of the machine. These correspond to different connections, the resistance, 1 * 2B9 ohm, 
being the connection at the commutator for low resistance, the double connecting wires being 
coupled in multiple arc, while 5*044 ohms represent the resistance when the sections of the double 
conductor are coupled at the commutator in series. 

Table III. — Showing Weight, Power Absorbed, Light Produced, &o., by Dynamo-Electric 
Machines, tested by a Committee of the Franklin Institute, 1877-78. 



1 


Copper Wire in 


1] 

|i 


Horse- power. 

Light pro- 
duced in 
Standard 
Candles. 


i 

Length of 
Carbon 
Consumed 
an hour. 

Name of Machine. 

1 

.3 

Armature. 

Field 

Magnets. 

Revolutions 

Armature 

Minute. 

1 

iU 

1 

•s 


1 

Size. 

Weight. 

Siae. 1 Weight. 


Total. 

H^ch 

H..P. 

o 

s 

w 

+ 

- 

Large Brush . . 

! i 

1475 

In. 

•081 

lb. 

32 

In. ! lb. 
•134' 100 

CO 

o 

107*603 

1 

3*26 1230 

377 

87*4 

1 

1-78 

*34 

Bmall „ 

390 

•063 

24 

*096 80 1 

1400 

124*248 3*76 

900 

339 

137* 

4X» 1-91 

•58 

Large Wallace 

1600 

*042 

50 

i*114 125 1 

800 




823 

. . 


.. 



Small „ 

350 

•043 

18| 

*098 41 

1000 

128*544 3*89 

440 

113 

292* 

ixi2*45 

*073 

Gramme . . 

.366 

•059 

104 

•108 104 

‘ ' 

800 

C0-91*21-84 

1 

705 

383 { 85- 

! 

ixi315 

! 

*55 

! 


Table IV. — Resistances op Dynamo-Electric Machines. 


Name of Machine. 


A'. Largo Brush 

A i 

• n n 

A®. Small „ 

A® 

B*. Large Wallnot 
B*. 

IP. Small 
B^ „ 

Gramme .. 


s ? 

il^ 


j iceMuuincea. ' 

J+'i o + 


■ Jj-o 
I dS 


a . 

II 


Kemarks. 


! 7B» -485 -.57 016 *032 ; *483 *54 1 055 At beginning of run. 
i 88 *495 *82*016*032 *493 *791*315 AfUT running 25 minutes. 

I 74 1 * 255 1*70 01 6 * 032 1 *239 1 * 67 2 * 955 Armnged for low resistance. 
' 74 5*06 .. *016 .. 5*044 .. .. i „ high 

‘ 74 4*60 1*98*016*032 4*5841*956*58 Machine cold. 

118 5*13 .. *016 .. 1 .. .. I .. After 40 minutes’ run. 

, 74 4*96 2*87 016 *10254*9442*777*83 At 844 revolutions, 
i 74 4*96 3*24 *016 *10*254*9443 188*24 At 1000 „ 

! 68 1*6851*35 *016 *10*25 1-6671-253 04 Arc not normal, 
i 68 1*6851*97 *016 *1025 1*667 1*873*66 , Arc normal. 

I ■ : I ■ i 


Table V. — Thermic Effects op Dynamo-Electric Machines. 


Heating EfTect in Arc and 'Sur«!§-^-a 
Lamp. I 

Name of Machine. 


A*. 

Ijargo Brush 

5ri 

18*64 

23*25 

10 

i *82 

43*338 69*49: *881 

1340 

107606 

A-. 

Bmall 


34 

18*63 

9*09 

5 

1*70 

'33*87 58*871*332 

1200 

117700 

A®. 


•• 

37 

18*63 

18*66 ‘ 

8 

1*70 

,43*45 75*57' *426 

1400 

124248 

IP. 


Wallace.. 

25^ 

18*63 

11*50 

12 

i 2*87 

17*85 48*70- *104 

844 

97068 

IP. 


♦» • • : 

55i : 

! 18*63 

4*92 1 

6 

: 2*87 

15*28 41*69, *089 

844 

97068 

IP. 


«> • • 1 

24} 1 

1 18*64 

10*75 1 

10 

: 3*28 

20*04 50*341*102 

1040 

128544 

Gramiuo 

. • . • j 

38 

18*64 

16*25 ! 

10 

1*97 

130*29 56*281*256 

800, 

60992 


For conversion to metrical heat units, 1 lb. water, 1° P. = 259*185 grammes of water, 1° C. 

Referring to Table V., tlie numbers given iu the column headed. Heat in arc and lamp, are 
the measure of the total heating power in tliat portion of the circuit external to the machine. Tliey 
do not, however, in the case of any machine, represent the energy which is available for the prodne- 
tion of light, which depends also on the nature and the amount of the resistance over which it is 
oxpendetL 

For example, the heat in arc and lamp are practically the same in each of the Brush machines, 
if the moasurement of the smaller of these machines bo taken at the higher speed. The amount of 
light produced, however, is not tlie same iu these two instances, being considerably greater in the 
oa«) of the larger machine. 
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The explanation of this apparent anomaly is nndonbtedly to be found in the different resistanoeB 
of tlie arcs in the two oases. In the large Brush machine the carbons are nearer together than when 
the small machine is used. This suggests the very plausible explanation, that the cause of the 
difference is to be attributed to the fact that although the total heating effect is equal in each case, 
when the large machine is used, the heat produced is evolved in a smaller space, and its tempera- 
ture, and consequent light-giving power, thereby lai^ly increased. 

It would seem, indeed, that any future improvements made in the direction of obtaining an 
increased intensity of light from a given current, will be by concentrating the resistance normid to 
the arc in the most limited space practicable, thereby increasing the intensity of the heat, and, con- 
sequently, its attendant light. 

It may be noted in this connection, that in all the cases in which the resistance of the arc was 
low, the photometric intensity was high. This, indeed, might naturally be expected, since a great 
intensity of heat would, under existing conditions of the use of the arc, admit of increased vaporiza- 
tion, and consequent lowering of the resistance. 

In the column headed, Total heat of circuit, are given the quantities of heat developed in the 
whole circuit, which numbers, compared with those in the preening column, furnish us with the 
relative proportions of the work of the circuit which appear in the arc and lamp. 

The column headed. Heat each ohm a second, gives the relative work an ohm of resistance in 
each case, and these numbers, multiplied by the total resistance, give the total energy of the current 
expressed in heat units a second. 

Ill Table VI. are given the results of calculatiou and measurement, as to the electrical work of 
each machine. 

It is evident, to those acquainted with the principles of electrical science, that the Weber 
current and the electro-motive force, are the data for comparing the work of these machines 
with that of any other machine or battery, whether used for light, heat, electrolysis, or any other 
form of electrical work. 

As might be supposed, the values given in Table VI., of the Weber current, appmximate rela- 
tively to the photometric values, as will be seen from an examination of tliat part of the general 
report of the committee relating to photometric measurements. 

The values of the Weber current, as deduced from the heat developed, and from tlie comparison 
with a Danieirs cell, do not exactly agree ,* nor could this have been ex|>ected, when the difficulty 
of minutely rcqiroducing the conditions as to speed and ^e^istance is considered. 

By comparison of the electro-motive force of the different machines, it apjiear.H that no definite 
unit seems to have been aimed at by all the makers as that best a<lapted to the production of 
light. 


Table VI.— Ci’rrent and Electro-Motive Force op Dynamo-Electric Machines. 



Weber Current each Ohm 
a Second. 

Electro-motive Force 
in Volts. 

Per cent, of 
the Work 
of Current 
appearing 
in the Arc. 

Correspond- 
ing 1 )ynanK»- 
metiio 
Values. 



Name of Machine. 

From Heat 
developed. 

i By Com- 
parison with 

1 Danieirs 
j Baitery. 

Calculated 
frtim Heat 
and 

Kealstances. 

By Com- 
parinon with 
Datiieil’H 
Battery. ^ 

Remarks. 

A*. Large Brush 

30-37 

, 29-87 

39*94 

39-28 • 

60-08 i 

i 107606 

Speed, 

Rev. 

1340 

A’*. Small „ 

18*63 


55 05 

• * 1 

1 

117700 i 


1200 

A*. „ „ 

21-12 

[ 21*87 1 

62*41 

64*43 

56-51 

1 124248 t 


1400 

B*. Small Wallace ! 

10 42 

9-73 ; 

81*59 

76*19 ; 

35-38 

96U68 1 


844 

B*. „ ,. 1 

1 9-64 


75*48 



j 1 


844 

B*. „ 

10-33 

I 11*16 

85*12 

91*96 

38**59 ' 

128544 1 


1040 

Gramme 

16-38 

j 16*86 

59*95 

61*71 ! 

51*09 

6U992 


800 


Table VII.— Effects of Dynamo-Electric Machines in FooT-rouNDS a Mini te. 


Name of Machine. 

I> 3 mamo- 

meter 

Reading, 

Fuot-lb. 

Consumed. 

Friction 

and 

Resistance 
of Air. 

Foot-lb. i p , 
Consumed i 
aileJ 

Deducting! 

Friction. ; Heat- 

Foot-lb. 
apiK^aring 
in whole 
Circuit. 

Foot-ib. 
unaccounted 
for in the 
Circuit. 

Per cent, 
of Power 
utilized • 
in Arc. 

Per cent, 
of Effect 
after 

Deducting 

Friction. 

A*. Large Brush 

107,606 

17,950 

89,656 .33,457 

.53,646 

36,010 

81 

374 

A*. Small „ * 

117,700 

12,328 I 

105,372. 26,148 

45,448 

59,024 

22 

25 

A . ,, „ . . ‘ 

124,2481 

1 14.976 ; 

109,272 33,543 

' 58,340 

50,9.32 

27 

31 

B*. Small Wallace 

97.068 1 

1 7,800 : 

89,268' 13,780 

: 37.596 

51,672 

14 

154 

B». „ 

128, .544 

11,072 1 

117,472 15.469 

' 38,862 

78,610 

12 

13 

Gramme 

60,992 i 

1 

4,512 1 

56,480 23,384 

1 i 

; 43,448 

j 

13,032 

38 

41 


For conversion into Gramme-metres, 1 foot-pound = 138 Gramme-metres, nearly. 


Table VU. is <lesigned especially to permit a legitimate comparison of the relative efficiency of the 
machines, as well as their actual efficiency in converting motive power into current The actual 
dynamometer reading U given in the first column. On account of differencea of construction and 
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differences in speed of running, the friction and resistance of tlie air vary greatly, being least with 
the Gramme, as might be expected, since the form of the revolving armature, and the speed of the 
machine conduce to this result. This is, of course, a point greatly in favour of the Gramme machine. 

That part of the power expended available for producing current is given in the third column, 
being the remainder, after deducting the friction, as above mentioned ; but this power is not in any 
case fully utilized in tlie normal circuit. This is found to be the case by comparing calculations 
of the total work of the circuit in foot-pounds, as given in the appropriate column, with the amount 
expended in producing such circuit. 

For instance, in the cose of A*, the large Brush machine, the available force for producing 
current is 89,C56 foot-pounds a minute, of which only 53,046 reappear as heat in the circuit. The 
balance is most probably expended in the production of local currents in the various conducting 
masses of metal composing the machine. The amount thus expended in local action is given in the 
column designated. Foot-lb. unaccounted for in the circuit. A comparison of the figures in this 
column is decidedly in favour of the Gramme machine, it requiring the smallest proix)rtion of power 
expended to bo lost in local action. When, however, wo consider that the current produced by the 
largo Brush machine is nearly double that produced by the Gramme, the disproportion in the local 
action is not so groat. 

The columns containing the percentages of power utilized in the arc, and useful effect after 
deducting friction, need no special comment. 

The determinations made enabled the following opinions to be formed as to the comparative 
merits of the machines submitted for examination ; — 

The Gramme machine is the most economical, considered as a means for converting motive 
power into electrical current, giving in the arc a useful result equal to 38 per cent., or to 41 percent, 
after dt'ducting friction and the resistance of the air. In this nnichine the loss of power in friction 
and local action is the least, the sjK'cd Ijeing ctimparatively low. If the resistance of the arc is 
kc'pt normal, very little heating of the machine results, and tliore is an almost entire tibsence of 
sparks at the commutator. 

The largo Brush machine comes next in order of efficienoy, giving in the arc a useful effect 
equal to 31 per cent, of the total power used, or 37i per cent, after deducting friction. This machine 
is. indeed, but littlcj inferior in this respect to the (irammo, having, however, the disiid vantages of 
high speed, and a greater proportionate loss of power in friction, &c. This loss is nciarly compen- 
sated hy the advantage this machine possesses over the others of working with a high external, 
compared with the inttjrnal, rc-sistonce, this also ensuring comparative absence of heating in the 
machine, 'I’his machine gave the most powerful current, aud consequently tlie greatest light. 

I’he small Brush machine stands third in eflicieiicy, giving in the arc a u>eful result equal to 
27 per cent,, or 31 jjcr ceut. after deducting friction. Althougli somewhat inferior to the Gramme, 
it is, nevertheless, a macldiie admirably ndapU‘d to the production of intense currents, and has the 
advantagi* of being made to furnish currents of wi<k*ly varying electro-motive force. By suitably 
connecting the machine, as before descrilxjd, the electro-motive force may l>c increased to over 120 
volts. It jM')ss(‘8sus, moreover, the odvantoge of division of the conductor into two circuits, a feature 
which, however, is also possessed by some fonus of other machines. The simjdicity and ease of 
repair of the ct>mmutator are also advantages. Again, this machine does not heat greatly. 

I'he Walloce-Farmor machine does not return to the effective circuit as large a proportion of 
power us the other muchines, although it uses, in electrical work, a large amount of power in a 
small space. The cause of its small economy is the exficnditure of a large proportion of the power 
in the production of local action. By remedying this defect, a very admirable machine would be 
produced. After Ciireful consideration of all tlie facts, the committee unanimously concluded that 
the suiall Brush machine, though somewhat less economical than the Gramme machine, or the large 
Brush iiiRchiue, for tlie general pr*Kl action of light and of electrical currents, was, of the various 
macliincs expt'rimented with, the best adapted for the purposes of the Institute, chiefly for the 
f(»llowing reasons ; — It is adapted to the production of currents of widely varying electro-motive 
force, and produces a good light. From the mechanical details of its construction, especially at the 
commutators, it possesses great ease of repair to the parts subject to wear. 

In order to maki' the measurements as accurate as possible, it was found necessary so to arrange 
tlie photometric u]>pnrattis that no reflected or diffused light should fall on the photometer, and 
thus introduce an <‘lement of error. The electric lamp was enclosed in a box, ojien at the buck for 
convenience of iiceess, but closed with a noii-reflceting and cjMique screen during the experiments. 
Projecting from a hole in the front of the box was a woi^den tube. 6 in. square inside and 8 ft. long, 
with its inner surface bluckeuetl to prevent reflection, thus allowing only a small beam of direct 
light to leave the box. This beam of light passed into a similar wooden tube, placed at a proper 
distance from the first, and holding in its fartWr end the standard candle. This tube also held the 
da k box of a Bunsen photr>mcter, mounted on a slide, so as to be easily adjusted at the proper 
distance between the two sources of light. A slit in the side of the tube enabled the observer to 
see the diai>hragni. The outer end of the second tube was also covered with n non-reflecting hood, 
and the room was of course darkened when photometric measuremc nts were token. The rigid 
exclusion of all reflected or diftused light is the only trustwortliy method of obtaining true results, 
and will, no doubt, account in a large measure for llio lower candle-iKjwer obtained hy these experi- 
ments than that obtnine<i by many previous experimenters. 

The difficulties encountered in the measuremont of the light arising from the difference in 
colour, were at first thought to l>e considerable, but further practice and experience enabled the 
observer to overcome them to such an extent that the error arising from this ciruse is inconsiderable. 
Inking greatly less than that due to the fluctuations of the electric arc. 

in determining the amount of light produced by each machine, it was run continuously for 
iVom four to five hours, aud observations made at intervals, care being taken to maintain the speed 
atid other conditions normal. One of the most important conditions necessary to ensure correct 
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results was the relative position of the carbon points. Great care was taken that the axes of the 
two sticks or pencils of carbon were in the same line, so tliat the light produced should be projected 
equally in all directions. Were the axes of the carbon pencils not in the same line, a much greater 
quantity of light would be projected in one direction, and the result of calculation of the light pro- 
duced, based on the inverse square of the distance from the photometer, would be too great or too 
small, according os this adjustment was in the one or the other direction. 

Experiments were made to determine what effect on the amount of light was produced by so 
adjusting the carbons that the front edge of the upper one was in line with the centre of the lower 


one. 

Front 2218 candles 

Side 578 „ 

578 ,, 

Back Ill 


3485 4 = 871. 

The light produced by the same machine, under the same conditions, except the carbons 
being adjusted in one vertical lino, was 525 candh'S. This would seem to indicate that nearly 
66 per cent, more light was produced by this adjustment of the two carbons ; but a close study of 
the conditions proves that such is not the case, and. that there is no advantage to be derived from 
such adjustment, except when the light is intended to be used in one direction only. 

The following is a statement upon this point, in tlie report of N. Douglass, Engineer to the 
Trinity House ; — 

I have found this arrangement of the carbons, the axis of the bottom carbon nearly in the 
same vertical plane as the front of the top carbon, and assuming the intensity of the light with the 
carbons having their axes in the same vertical line to be represented by 100, the intensity of 
the light in four directions in azimuth, say E., W., N., and S., will lie nearly ns follows ; — 


East or front intensity 287 to 100 

North or side „ 116 „ 100 

South „ „ 115 „ 100 

West or back „ 38 „ 100 


557 -4- 4 = 139 to 100. 


In measuring the candle-power of the light produced by each machine, I have given the mean 
Intensity obtained in the direction of the photometer, the carbons iii lamp working with tho Holmes 
and Alliance machines, being always arranged with the axes in the same vertical line, and the 
carbons in the lamp working the Gramme and Siemens* machine being always arranged with tlio 
front edge of the top carbon nearly on the centre of the bottom carbon. 

It is, therefore, evident that the results given by Douglass must be divided by 2 • 87 in making a 
comparison with those obtained by the Franklin Institute Committee. 

The following abstract. Table VIII., from a report of J. Tyndall, addressed to tlio Trinity Board, 
upon experiments carried out to ascertain the relative values of different apparatus, completes tho 
list as regards other machines than tlio preceding. 

The machines experimented on were tho following ; — 

Holmes’ machines, which have been already established for some years at the South Foreland 
Lighthouse. Gramme’s machine. Two Gramme’s machines coupled together. Siemous’ largo 
machine. Siemens’ medium machine. 


Table VIIL — Cost, Dimensions, Weight, Hobse-power Absorbed, and Light Produced by 
THE Dynajio-Elbotric MACHINES, tried at the South Foreland, 1870-77. 


Names of Machines. 


Holmes .. 
Alliance . . 
Gramme, No. 1 
o 

»» ** 
Siemens, large . . 

„ small — 

No. 58 .. .. 

„ 68 ^ .. 

2 Holmes . . 

2 Gramme 
2 Siemens, me-l 
dium j 


Length. Breadth. Height. 


4 4 4 6 4 10 

2 7 2 7 4 1 

2 7 2 7 4 1 


2 2:2 5 0 10 
2 2:2 5 0 10 


Weights. 

i 

Horse- 

power 

AJ>- 

sorbed. 

Revo- 

lutions 

mId. 

tong cwt. qr. IbJ 

2 11 1 7 

8-2 

400 

1 16 1 21 

3*6 

400 

15 2 0 

5-3 

420 

15 2 0 

5-74 

420 

0 11 2 18 

9*8 

480 

10 3 3 0 

3*5 

850 

10 3 3 0 

3*3 

850 

5 2 2 14 

6-5 

400 

2 11 0 0 

10-5 

420 

0 7 2 0 

6-6 

850 


Liglit pro- 
duced, in 
Standard 
Candles. 


Light pro- ] 
due.ed each i 
Horse-power 
in Standard 
Candles. 


densed fused !denB<.>d fused 
Beam. Beam. Beam. . Beam. 
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These last throe measures were taken with the machines coupled in multiple arc, the effect 
beliifi: a considerable increase in light produced for power expended. 

M, Tresca has made a series of experiments in the establishment of MM. Sautter and 
Lemonnier, to ascertain the amount of work performed by the Gramme machine for the production 
of light. 

The high speed at which the Gramme machine is driven, rendered it difficult to employ a dyna- 
mometer widen should not make more than 250 revolutions a minute. The diagrams obtained 
were, however, satisfactory after some preliminary trials. The work done has thus been accurately 
determined, but this was not the case with the luminous intensity. This latter was measured 
direct by a piiotometer with two discs, one illuminated by a Carcel lamp, and the other by 
the electric lamp. One of tliese discs appeared of a green line in relation to the other, which was 
rose- tinted, and amongst the various methods tried, it was found decidedly the best to correct the 
differen<*e of those tints by the interposition of two Carcel lamps, burning 1*48 oz. an hour, and at 
a suitable distance from the photometer, the electric light being placed at a distance of 131*23 ft. in 
the tirst, and b5*Gl ft. in the second trial. 

In sf)itc of the uniformity of the electric current supplied to the regulator, the light, on account 
of the irregularity in the nature of the carbons, showeel oscillations, which for the most part were 
perceptible only in the photometric determinations, but on that account a great difficulty arose in 
determining exactly tlie intensity and its definition in relation to the expcmditiire of power. 

It was only possible to avoid these drawbacks by increasing the number of trials, and limiting 
their duration to very short periods. The standard lamp having been placed in such a position ns 
to balance the average intensity of the electric light, the apparatus was kcf»t at work during a 
certain time, and at the instant tliat an apparent equality was observed, a signal was given to the 
exp(-*rinient(}r stationed at tlie dynainonioter, and a diagram comi)rising a period of a few seconds 
was obtained. Another oljserver recorded the speed of the dynamometer each minute, and the 
dynamometer diagram was renewed only at a fresh signal from the operator at the photometer. 
Tables IX. and X. give all the data obtained from the successful experiments thus conducted. 


Table IX. — Experiments with IjARoe Gramme Machine. 

Ratio of distances of electric light and Carcel lamp from photometer 40 : 93 
Ratio of intensities 40 : 93 = 1850 


1 

Numbers of 

1 )iMgrani. 

Rovolutlons of 
DynaniouK'ter a 

M inute. 

Mean Oidinatos given 

1 by t}ic J >iagram8. j 



! in. 

1 

238 

i *885 

2 

251 

j -744 

3 

248 

•854 

4 1 

244 

I -0.53 

5 j 

241 

! '014 

0 

244 

•051 

Mean 

244 j 


Foot-pounds of Work a 
Second. 


4883 
4324 
49 IG 
3093 
3220 
3710 


4127 = 7-.5| 


H.-P. a 
minute. 


Work done for 100 burners ; .. 7*5 ; 1850 = 405 horse-power. 

Work oacii burner a second 2*23 foot-pounds. 


Table X. — Experiments 'with Small Gramme Machine. 

Ratio of distances of electric light and Carcel lamp from photometer 20 : 1*15 
Ratio of intensities 20 : 1*15 = 302*4 



NumbtT of 

I >iugram. 

Revolutions of 
Dynamometer a 
Minute. 

i 

Mean Ordinates of 
Diagram. 

Work done in Foot-pounds 
a Second. 


1 

234 

in. 

'279 

1452 


2 

238 

•262 

1445 

4 

3 

244 

•292 

1651 


Mean 

239 


151C = 2-75{H;;Pi“ 


Wprk done for 100 burners 2*75 : 302*91 horse-jwwer. 

Work each burner a second 4 : 97 foot-pounds 


In order to ascertain the number of revolutions of fho main shaft of the magneto-electric 
machine, it was necessary to make certain that there was no slipping of the driving belt. By 
various experiments, the speed of the two sliafts was tested by moans of two counters, and it 
WHS thus found, in the first trial, that the actual ratio of the speed was 5*18, the ratio calciibitod 
from^he diameters of the pulleys, aitd the thickness of bed is being 5 * 20. The speed of the Gramme 

2 K 
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machine shaft was thus found by multiplying the mean speed of the dynamometer shaft by 6*22, 
which gave for the first series of trials, 1264 turns a minute ; in the second series, the ratio of 
speeds being only 3 * 65, and the mean speed of the dynamometer 239 turns a minute, the number 
of revolutions of the machine was 239 x 3*65 = 872. The apparatus, which gave a light of 1860 
Carcel lamps, is arranged as follows ; — The horizontal shaft carries two scries of conductors pli^d 
symmetrically, the one on the left receiving the current from 15 bobbins spaced around a soft-iron 
ring. In the intervals between these arc 16 other bobbins in connection with the conductor placed 
on the other side of the shaft. The two currents combine when the bobbins turn around the shaft 
in front of the poles of the four electro-magnets, put in operation by a portion of the current, the 
balance being led off to the electric lamp. The following are the leading dimensions of the 
machine ; — 


Electro-magnets ; — 

Diameter of the electro-magnet 

Length 

Diameter of coil 

„ wire 

Weight of copper rolled around each electro-magnet . . 
Bobbins ; — 

Outside diameter of soft- iron ring 

Inside „ „ 

Width of soft-iron ring 

Outer diameter of bobbin 

Inner „ „ 

Diameter of wire 

Total weight of w*ire ' 

Diameter of conducting cylinders 

„ lamp wire 

Machine ; — 

Total length, including pulley 

,, height ,, „ 

„ width „ „ 


2*75 in. 
15*90 „ 
6*19 „ 
•125 „ 
52*8 lb. 

7*67 in. 
6*18 „ 
4-68 „ 
9 *05 „ 
4*72 „ 

• 1 M 

308 lb. 
3*54 in. 


SI *5 „ 
28-03 „ 
21*65 „ 


The machine giving a light of 3000 Carcel lamps is more simple, ns it has only a single aeries 
of conductors and small bobbins, and two electro-magnets only. The following are its leading 
dimensions — 


Electro-magnets ; — 

Diameter 

Length 

Diameter of coil 

„ wire 

Weight of copper around electro-magnet 
Bobbins ; — 

Outside diameter of soft-iron ring .. 
Inside „ „ 

Width of soft-iron ring 

Outside diameter of bobbin 

Inside „ „ .... 

Diameter of wire 

„ conducting cylinder . . 

„ wire to lamp 

Machine ; — 

Total length, including pulley . . 

„ height „ „ . . . • 

,, width ,, „ • • . • 


2*75 in. 
13-97 „ 
4*72 „ 
0*15 „ 
31-5 lb. 

6-61 in. 
4-84 „ 
S*97 „ 
4*68 „ 
4*05 
•07 ,. 
3*5 „ 

•34 „ 


2o*6 „ 

19-92 „ 
1C *14 „ 


The large machine supplies e lamp made at the works of M. Gramme, with cfirbons of *123 
6^. in. in section ; the lump for the smaller machine was made by M. Berrin, with carbons of 
similar dimensions. 

The machines worked with regularity for a sufficient time to prove tlio absence of heating. 
Moreover, the work done was very uniform during the experiments, although one of them was con- 
siderably prolonged. 

As re^rds the cost of different modes of lighting, the following data are of interest. The 
consumptW of oil for 1850 Carcel burners an hour equals 1850 x 1*48 oz. = 2738 oz„ or about 
6800 CUD. ft. of gas. Under these conditions the cost of fuel would be only the hundrtjdth part of 
cost in oil, and one-fiftieth part of the cost of gas-lighting in Paris. *Tho comparison is less 
favourable for smaller machines, for from the data given it will be seen that for the large machine, 
each Carcel burner requires 2*23 foot-pounds, and for the small machine, 4*97 foot-pounds, or 
doable the former. This expenditure of work would, according to M. Heilmann, be increased to 
1 * 85 foot-pounds for each burner in a hundred-light machine. 

A lamp of 100 burners, to light a workman as well as would an ordinary lamp placed 18 in. away 
from him, may be situated 16*5 feet away; a lamp of 300 burners may bo 28*5 ft., and one of 
1850 burners at 70 ft. 4 in. ; those figures show that the largest sizes of lamps may be most usefully 
employed for lighting manufactories. 

During the competitive trials at the Franklin Institute, as to tlie relative efficiency of tbo 
machines as noted in the preceding pages, Professors Houston and Thomson took the opportunity 
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thus afforded to make a careful study of many interesting circumstances wliich influence the efflciency 
of these machines. 

A convenient arrangement of the particular circumstances to be discussed is, those affecting 
the internal work of the machines ; those affecting the external work ; and the r^ations between 
the internal and external work. 

The mechanical energy employed to give motion to a dynamo-electric machine is expended in 
two ways; in overcoming the friction and the resistance of the air; and in moving the arma- 
ture of the machine through the magnetic field, the latter, of course, constituting solely the energy 
available for producing electrical current. 

The greatest omouut of power expended in the first way was noticed to be about 17 per cent, of 
the total power employed. This expenditure was clearly traceable to the high speed required by 
the machine. The speed, therefore, required to properly operate a machine is an important factor 
in ascertaining its efficiency. The above percentage of loss may not appear great ; but when it is 
compared with the total work done in the arc as heat, constituting, as it did in this particular in- 
stance, over 50 per cent, of the latter, and about 33 per cent, of the total work of the circuit, its 
influence is not to be disregarded. In another instance the work consumed as friction was equal to 
about 80 per cent, of that appearing in the arc as heat, while, in the Gramme machine experi> 
mented with, this percentage fell to 20 per cent, of that which appeared in the arc as heat, and 
was only about 7 per cent, of the total power consumed in driving the machine. 

In regard to the second way in which mechanical energy is consumed, in overcoming the 
resistance necessary to move the armature through the magnetic field, or, in other words, to produce 
electrical current, it must not be supposed that all this electrical work appears in the circuit of the 
machine, since a considerable portion is expended in producing local circuits in the conducting 
masi^es of metal, other than the wire, composing the machine. 

The following instances of the relation iStween the actual work of the circuit, and that 
expended in local action, will show that this latter is in no wise to be neglected. In one 
instance an amount of jDower somewhat more than double the total work of the circuit was thus 
expended. In this instance also it constituted more than five times the total amount of power 
utilized in the arc for tiie production of light. In another instance it constituted less than one- 
third the total work of the circuit, and sornew'hat more than one-half the work in the arc. 

Of course, work expended in local action is simply throwm away, since it adds only to the heating 
of the machine. And, since the latter Increases its electrical resistance, it is doubly injurious. 

The local action of dynamo-electric machines is analogous to the local action of a Imttery, and 
is equally injurious in its effects upon the available current. 

Again, in regard to the internal work of a machine, since all this is eventually reduced to heat 
in the machine, the temperature during running must continually rise until the loss by radiation 
and convection into the surrounding air equals the production, and thus the machine will acquire 
a constant temperature. 

This temperature, however, will differ in different machines, according to their construction, 
and to the power expended in producing the internal work, being, of course, higher when the power 
expended in producitig the interiiul work is proportionally high. 

If, therefore, a machine during running acquires a high temperature w'hen a proper external 
resistance is employed, its efficiency will be low. But it should not l>e supposetl that because a 
machine, when run without external resistance, that is, on short circuit, heats rapidly, that ineffi- 
ciency is shown thereby. On the contrary, should a machine remain comparatively cued when a 
proper external resistance is employed, and heat greatly when on short circuit, these conditions 
should be regarded as a proof of its efficiency. 

In regard to the second division, the external work of the machine, this may be applie d in the 
production of light, heat, electrolysis, magnetism, and the like. 

Whore it is desired to produce light, the external resistance is generally that of an arc formed 
between two carbon tdectrodes. The resistance of the arc is therefore an important factor in deter- 
mining the efficiency. To realize the greatest economy, the resistance of the arc should be low, 
but nevertheless should constitute the greater part of the entire circuit resistance. 

In some measurements the resistance of tho arc was surprisingly low, being in one instance 
0*54 ohm, and in another 0'73 ohm. It w’as, however, in some instances ns high as 3*18 ohm. 
The amount of work appearing in the arc, as measured by the number of foot-pounds equivalent, 
is not necessarily an index of the lighting powder. 

Perhaps tho highest estimate that can be given of the efficiency of dynamo-electric machines, 
as ordinarily used, is not over 50 jier cent. ; measurements have not given more than 38 per cent. 
Future improvements may increase this proportion. Since the efficiency of an ordinary steam- 
engine and boiler, in utilizing the heat of the fuel, is probably over-estimated at 20 per cent., the 
apparent maximum percentage of heat that could be recovered from the current developed in a 
dynamo-cleotric machine would be over-estimated at 10 per cent. The economical heating of 
buildings by means of electricity may therefore be regarded as totally impracticable. 

In respect to the relations that should exist between the external and the internal work of 
dynamo-electric machines, it will be found that the greatest efficiency will, of course, exist where 
the external work is much greater than the internal work, and this will be proportionally ^cater 
as the external resistance is greater. Measurements gave, in one instance, the relation of 
•82 ohm of the mc to ‘49 ohm of the machine, a condition which indicates economy in working. 
The other extreme was found in an instance where the resistance of the arc was 1 *93 ohm, while 
that of the machine was 4*60 ohms, a condition indicating wastefulness of power. 

DYNAMOMETER. 

A dynamometer is defined as an apparatus for the measurement of force expended or work done 
in vaHous machines ; its construction depends on the puipose of the machine to which it is applied, 
whether the machine is supplying or consuming power. 


2 R 2 
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Tlic 8tenm>enginc iiitlicator is capable of being applied, with considerable accuracy, directly to 
powor-snpplving, and indirectly to iK)wor-con8uming, maclunes ; but in trials where it is desir- 
able that the conditions under which each machine is tried, shall] most nearly correspond with 
those under which it will have to perform its ordinary duty, it is preferable to substitute for the 
indicator two distinct forms of dynamometer, one to the power-consuming, the other to the jx)wer- 
siipplying, machines. Both forms of dynamometer should be so constructed as to det«.‘rmine 
rohults in the gross, to record as a whole the performance of a given task, and the whole power 
devcIop«*d by the combustion of a given supply of fuel. 

W. Froude, in the ‘Proceedings* of the Institution of Mechanical Engineers, 1858, describes a 
form of dynamometer adapted for machines consuming power. The description of tins dynamometer 
Hud the accounted results obttiined with it, should ho read in connection with the article ou Belts 
in this Supplement. 

The belt dynamometer is designed to record by a diagram the performance of any power 
consuming machine whii'h is usually driven by a belt, or can be so driven on the occasion of the 
trial. 

The conditions of force under which a belt transmits power to the machine it drives are the 
hdlowiug. The belt must possess a sufficient amount of tension to maintain the necessary adhe- 
sion upon the pulleys; and if the machine were cntirfly free from friction, and were once put in 
motion without any load or duty, this fundamental tension wouhl continue equally great in both 
the leading and trailing sides of the belt. If the machine be loaded, and tlie friction of the work- 
ing parts always forms a portion of tiu* load, the drivitig belt must bo, tighter on the leading side 
than on tlie trailing, otlierwise the motion will cease on the application of the load. The differ- 
ence of tension between tlie two sides of the belt wliieh must b(j thus brought into aelion, in order 
that motion may continue while the resistance of tlio loa<i is in ojH*ration, is the exact mcnsur(‘ of 
that load ; and if this difterenee of tension is knowm, the power consumed can he calculated, in 
exactly the same way ns if tlie pulley wore driven simply by a force of the same amount acting at 
the eirciimforencc. The two elements of the pow’cr consumed will l>e the actual force at the 
circumference of the jailley, or the difference lx‘tween the tensions of the h ading and trailing sides 
of the licit, and the ilistnnce travelled by this force, which is identical witli the travel of the cir- 
cumference of the pulley, or of the bi ll itsi lf. Th<‘ power consumed, or the units of work expended 
during any instant, wdll be the pr(»duot of the difference between the tensions of the hayling 
and trailing sides of the belt at that instant, multiplied by the spuee in feet travelled by the Ixdt 
during tliat instant. The object of the belt dynamometer is, to obtain by a <Iirect process a con- 
tinons record of tlie dilference of tension between the leading and trailing sides of the belt, 
combined with the space travelled during each instant, throughout the ]>eriod occupied in the 
completion of a given ta>k ; and if the total time oecupie<l bo nrded, these recorded data can bo at 
once convert'd into average horse-p^wer consumed. The difft'rence bt^tween the two tensions is 
ascertained by a direct jirocess, analogous to that of weighing one ngain>t the other at the opposite 
ends of a scale beam; iti such a manner as to maintain equilibrium, not by adding weights to the 
lighter cmd, but by supporting the heavier end by a spring balance, the extensions of the spring 
measuring the excess of weight at the heavier end. 

Figs. 10G5 to 1067 explain the cjinstmction. The power is apjdied by the pulley A, 
Fig. 1065, and Is received and con.sumed by the pulley B of the machiniJ under trial, tlie motion 
taking place in the direction of the arrows. The belt by which the pow’cr is conveyed from A 



to B passes over the pulleys C aud D, curried at opposite ends of the scale l>oani or swinir beam 
K, and centred on it at equal distances from F. The UDocr and lower 4i v ^ ^ 

the guide wheel G, and are retained parallel, thoudh tffS bTam^Ft^ ZH ** 

In this arrangement the tight or leading side of the lH,lt passes round the upper pulley C on 
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the swing beam, and the slack or trailing side round the lower pulley D ; so that the pulley C is 
pressed horizontally by the tension of the tight side of the belt, and the pulley D by tliat of the 
slack side. These two tensions being equal, the swing beam £ remains in equilibrium, and rests 
indiflerently in any position witliin a moderate inclination to the vertical line. But when unequal, 
the spring balance I receives the pressure resulting from the inequality, and indicates the amount. 
The difference of tension varies with 

the varying duty performed by the - 

machine under triul ; the variations 

of the spring, being recorded con- n H fl 

tinuously, together with the space g ni — L • 

travelled by the belt during the same ^ Ir J JaS ) 

instant, will furnish the measure of ^ ‘ * -w- T J 

the power consumed. The total ton- n | j I : ® JL " 

sion on each side of the swing beam - "*! il ; T 

j)ulley8 is double that of the rospec- 

tive |)ortioiis of the belt, because the ^ ^ \^.j 

tension of the belt acts on both sides LJ n >e.. ‘o-J 

of the pulley, so that the spring , ;■ [ I 

balance indicates doubles the dif- ‘i ■ - 

foreiicc between the tensions of the 
light and slack sides of the belt, 

allowed for by llio mode of con struct- {r a 1 

ing the scale of tension on the dia- yf ' Q I ,,,, , , 

grama. | | • ] f IJji 

The apparatus by which the dyiia- • — \ - —4 

mometcr is self-reconiing cousisis ^ i 

of a cylinder K, Figs. 10b7, 

mounted in a frame altachc<l to the 

end of the instrument, which is niude 

to rcv<.»lve by means of a screw and 

worm wheels cx^miiccted with tlie 


upper pulley C; tln^ ^cr^•w is provided 
W'ith teleftCoj)e and univorral joints, 
so as to allow of the vibration of tlie 
beam, one end of the screw resting 
on the iiiovalile arm of the swing 
beam, while the <dher is carried by 
the frame in which the eNlindt‘r is 
mounted. The revolutions of tl v 
reconling eylimhu* r« pii MUil < n a re- 
duced sealtJ tlie revoluti<»ns of tlie 
pulley C. At tin* same time the 
pencil L reoi-ivi s a motion din et 
from the swing beam K, being eon- 
ntifted with the upj)er end of the 



swing Ix'um by the cord J; it is mounted in unarm wliicli ha^ a sliding motiuu jiaraliel U> tUe 
axis <d’ the cylinder, and so placed that the i»encil presse.s liglitly” on the aurfaee of the cylinder. 
Tho tendency of the spring b.ilance to os<*illate above aial below its proper position, is clieeked 
by means of an oil eyliiub r provided with a loostjly fitting piston, wdiioli is ait.»ched tlie 
spring balance. Tln re is aLxj a eommunieation between the two ends of tho cylinder by^ int-ans 
of a passage fitted with a slop-eoek. The recording cylinder K, is provided with a continuous 
sheet of paper, and as it revolves, the pencil traci-s ou the j)aper a curvilinear area, in which 
eieh iiicreiiKMit in length rei>resents ll»e corn ‘S}»ond ing space travelled by the bell; whib* the 
height at that point, me.isuii'<l fomi the datum line tracts.! by the pencil when the spring 
balance is at. zero, n preseiits the stress ujK>u the spring balance while the Ixdt travelled tlirongh 
that H]>ace. Tho aggregate area included in any length of diagram represeiits the units of the work 
piirformed. 


The swung beaiii K, Fig. lOGd, is so constructed that the belt can be slipped on and oif the pulleys 
when required, aud the pul ley’s are overhung. Tlie pulleys shiuild be relieved as completely Uh po.ssil)le 
from the friction produced by tho toiision of the belt, for this friction will be combiiK^l with the 
resistance experioneed by the belt, aud will thus fonu part of the force rocordod in the diagram, and 
be improperly charged to the machine under trial. Both these requirements are met by euriying 
each pulley iu a bent bracket fixed to the luid of n swing beam, having a friction roller N on each 


side, against which the journals of the pulley liear. Such au arrangement w ould bo somew hat one- 
sided iu supporting th(' pulleys, and some oblique detlection would be produced by the stress of the 
belt, causing the pulleys to be ilcflected from their true working plane ^o that the belt would run 
unevenly ; and this was obviaU‘d by cranking the arms of the swing beam in the plane of the axes 
of the pulleys, so as t»> iutroiluce a duly compensating deflection in a direction opposite to that iu 
which the axes of tho pulleys are dofl(*cte<l. By this im uns the axes of the pulleys are preserved 
truly parallel to the axis ou which the swing beam vibrates. 

Ill reference to tho amount of stress hi ought upon the swing beam, the working tension of tlie 
belt is cmiqiogc^d of two distinct fort'es, the fundamental tension of the Ixdt wdureby the requisite 
adhesion is maintained, and the excess of tension constituting tho ilriving force. Tho excess of 
tenwioii or the driving kiree is wholly takmi up by tho springs of the iiniieatin^ apptratus, aud the 
fundamental tension of the belt alone constitutes the stress u|k>d tho beam, which must accordingly 
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be Btrong enough to give sofiSoient adheeioD for the greatest driving force that the dynamometer 
will have to measure. It appears by experiment that when a belt is passed over a pulley witli a 
weight suspended from each end, the are of contact being a semicircle, the lighter weight must be 
at least one-third of the heavier in order that the belt may not slip ; but practically it is better to 
reckon the lighter one-half of the heavier, in order to be secure against the loss of power that 
would result from the belt slipping. The lighter weight is thus equal to the difforeuce between 
the two weights. 

The dynamometer is so arranged that the tight side of the belt always runs upon the upper 
pulley C, and the indicating apparatus K is placet! on a level with it ; this arrangement accords with 
the direction of motion invariably adoptetl in the con.^truction of thrashing machines. 

The motion of the recording cylinder K, is transmitted from the upper pulley C on the swing 
beam, through the two successive worm wheels R S, and each of which r^uces the speed to ^th, so 
that the rate of rotation of the recording cylinder is pulley. To avoid the 

errors which might creep into the analysis of the diagrams, by constructing the longitudinal scale from 
the compound ratio of speed and diameter alone, the first worm wheel R carries a cam, which at 
each revolution acts upon a subsidiary pencil placed alongside the indicating pencil ; as long as the 
subsidiary pencil is unmoved it traces a straight base line lengthways of the paper, but each action 
of the cam produces a momentary deviation, which forms a narrow indent on the base line, each 
indent marking the completion of 50 revolutions of the pulley, or the travel of 157 ft. of belt, the 
pulley having a circumference of 3* 14 ft. 

As in the analysis of the diagram, each of these divisions marked by the cam stands for the unit 
of distance in calculating borse-power, the calculation is much simplified if the diameter of the 
pulley is made g in. larger than 1 foot, giving a circumference of 3*3 ft., to that 10,000 revolutions 
give 33,000 ft. 

The scale of tension in the diagrams is determined as follows; — The working belt is removed, 
and replaced by a belt attached at one end to a fixed point in the foot of the frame, as shown 
dotted in Fig. 10G5, passing over the power supplying pulley A, which then serves merely os a 
guide pulley, then round the upper pulley C on the swing beam, and over the large guide pulley G. 
The loose end of the belt is provided with a dish to hold the weights used in determining the scale. 
Any weiglit suspended at the extremity of tlie belt will give exactly that stress on the indicating 
springs which would be produced by an effective driving force of the same amount. The dish with 
its appendages make up a weight of 50 lb., and bring the indici\ting pencil to the same position 
that it would have if a machine were under trial with an effective driving power of 50 lb. ; a small 
motion given to the paper cylinder by hand, marks on the paper the position of the pencil. The 
same operation is repeated with such successive increments of weight as serve to make up a 
convenient fundamental scale, and whatever irregularity there may be in the springs themsedves, 
or whatever w'antof equilibrium in the swung beam, the scale thus constructed is accurate, since it 
is made by the identical forces which it will have to record and measure. In order that this scale 
of tension may appear throughout the entire length of each diagram, eight adjustable pencils carried 
in a frame rest upon the paper, just clear of the path of the indicating 2 >encil, each of which 
is adjusted accurately to one of tl»e lines marked in the formation of the scale ; as the diagram 
proceeds, each pencil rules a straight line on the paper, showing the position due to the force w hich 
it represents. This greatly facilitates the analysis of the diagram, and adds to the accuracy of th^ 
roBults ; and a further facility is obtained by using pencils of distinctive colours ; for example, each 
100 lb. line red, and each 50 lb. line blue. 

Friction brakes, or dynamometers, are adapted for measurements with pf»wer supplying 
machines ; and act upon the principle of absorbing by a friction brake the power given out by 
an engine when working at regular speed and pressure, and measuring the weight required to 
give the necessary amount of friction to absorb the whole pKiW'cr. The simple form of brake first 
used for this purpose has undergone considerable modifications : for an iiibtrumont is required which 
can be maintained in continued action fur a long period without any variation in the resistance 
which it offers to the motion of the engine ; so that the total power developed in each case may 
be accurately ascertainc d, w’ithout any correction being required for variation in the resistance over- 
come during the period of trial. 

In the brake dynamometer of J. Imray the friction or hold of a belt upon a drum is he ld to bo 
independent of the diameter of the drum ; for although it has been sometimes considered that a belt, 
of given width, drives a drum of large diameter, with less slip than one of small diameter, and tliis 
may be the ciise if the belt be rather rigid, and the comparison be made between a largo drum round 
which the>)clt can easily bend, and one so small in diameter that the resistance of the belt to flexure 
prevents it from bearing fully on the surface of tho drum, yet within fair limits, and with belts of 
sufficient flexibility, the diameter of the drum has no effect whatever on the friction of the belt upon 
its surface. This has been experimentally proved by J, Imray with drums of various sizes ranging 
from 5} in. to 14 in. diameter, and from 15J in. up to 38^ in. diameter, in the following manner. 
The drum was held fast in its bearings, and a belt passed over it so as to embrace half tiie circum 
ference, with weights P and W hung from its extremities. The larger weight W was gradually 
increased until it just made the belt slip ; and conseouenlly the excess of W over P exactly measured 
tho friction of the belt. The ratio of W to P was thus determined, and it is evident that if with a 
given arc of contact this ratio be found to remain invariable, whatever be the diameter of the 
drum, then the friction also is independent of the diameter. In tliis manner five drums were used 
of small diameter, ranging from in. to 14 in. The same belt was employed with each drum ; it 
was ve^ flexible, 1| in. broad and ^ in. thick, weighing about 2 lb., and in reckoning the values of 
P and W, half the weight of the belt or 1 lb. was added to each of tho actual weights suspended. 
The following results were obtained showing the values of the ratio of W to P with the different 
diameters of drums. 

From these experiments it appears that tho largest drum presented almost exactly tho same 



DTNAMOMETEE. 608 

Motion as the smallest ; and the results of all these fifteen experiments agree so nearly that it may 
safely be inferred that the diameter does not affect the amount of friction. 


Number of 
Experiment. 

Diameter of 
Drum. 

Weight of P. 

Weight of W. 

Value of 

W 

Ratio ~ . 

Mean Value 

W 

of Ratio -p- , 


incht‘8 

lb. 

lb. 



1 


18 

29 

1*611 


2 

5-5 

84 

57 

1*676 

1*675 

3 


65 

113 

1*738 


4 


17 

29 

1*706 


5 

7*6 

32 

57 

1 781 

1*733 

G 


66 

113 

1*712 


7 


17 

29 

1*706 


8 

9*8 

32 

57 

1.781 

1*733 

9 


66 

113 

1*712 


10 


18 

29 

1*611 


11 

11*8 

34 

67 

1*676 

1*642 

12 


69 

113 

1*638 


13 


17 

29 

1*706 


14 

14*0 

34 

57 

1*676 

1*673 

i 

1 


60 

113 

1*638 



Average Value of Ratio ~ = 1*691. 


Three drums were tried of tl le diaineters 15 • 8 in., 24 • 0 in., and 35 * 8 in. respectively. The largest 
drum was well polished and greasy, the smallest was turned but not polished, showing the tool 
marks ; and the iutertnodiate size was also turned, but not quite so smooth as the smallest. In these 
experiments also the belt was tolerably flexible, about 3 in. broad and in. thick ; and the weight 
of the bolt and scales for receiving the weights being 28 lb., half that amount, or 14 lb., was addled 
to each value of P and W. The following were the values of the ratio of W to P with the different 
diameters of drum. 


Number of 
Experiment. 

Diameter of 
Drum. 

Weight of P. 

Weight of W. 

Value of 

W 

Ratio 

Mean Value 

w 1 

of Ratio -p- • 


iuchca 

lb. 

lb. 



16 


14 

37 

2-643 


17 

15*8 

42 

107 

2*548 

2*697 

18 


70 

203 

2*900 


19 


14 

35 

2*500 


20 

24*0 

21 

49 

2*333 

2*322 

21 


42 

91 

i 2*167 


22 


70 1 

160 

1 2*286 


' 23 


14 

42 

1 3*000 


! 24 


16 

49 

; 3 063 


25 

38*8 

20*5 

60 

2*927 

3*129 

26 


28 

94 

3*357 


‘ 27 


41 

126 

3*073 


28 


70 

235 

i 3*357 

1 



Average Value of Ratio = 2* 716. 


From these experiments it appears that while the largest of the drums presented the greatest 
friction, yet the smallest presented more than the intermediate size, and the discrepancy is readily 
accounted for by the difference in the smoothness or polish of the surfaces. In neither set of 
experiments does the result with any of the drums differ from the avenige more than may fairly be 
acwmnted for by variations in the polish of the surface. 

That the friction of a belt is thus independent of the diameter of the drum which it embraces, is 
the result arrived at also by theory. The formula obtained by theory for the ratio of W to P is — 

W W 

log. «p=/xa, OP — = 2-72/xa; 

2 -72 being the base of the hyperbolic logwithms, / the coeflacient of friction or the ratio of the 
friction to the pressure, and a the angle of the arc of contact of the belt with the drum. This 
formula does not involve the diameter of the drimi, and accordingly shows tliat the friction is inde- 
pendent of the diameter. It is matter of common observation tliat, when a belt is overloaded with 
work and slips on the drum, the slip is prevented by substituting a drum of larger diameter ; still 
this effect docs not result from au increase of friction being obtained with the larger drum, but 
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e'mply from tUe circumstance that the velocity of the circumference of the larger drum being greater, 
at the same number of revolutions a minute, the friction required to transmit the same amount of 
horse-power is proportionately less, and accordingly falls below the limit at which the belt begins 
to slip. 

This formula is represented as a curve in Fig. 1068 
by means of which the value of the ratio of W to P may 
be readily found, for any values of the coefficient of 
friction and arc of contact. Thus if the coefficient of 
friction / be or 0*33, and the arc of contact a be 2, 
that is twice the radius, then the product / x a is 0*67 ; 
and finding this point on the base line, the corresponding 
height is 1*95, which is therefore the value of the 
W 

latioof -p . 

In order to check the formula, the drums were held q 
fast in their bearings as before, and an adjustable roller 
was introduced between the belt and the circumference of the drum, so ns to varv the extent of 

c •_ - /• X A •' ... 




estimated. The following values of the ratio of W to P were obtained ; — 

Ntmiber 

ol 

Diamotor of 

Arc of 

i 

: Weight 
j OfP. 

Weight 

Value of 

W 

Mean Value 
W 

of Ratio -p- • 

Theoretical 
Value of 

Error per 
cent. 

Experi- 

ment. 

Drum. 

Contact. 

Of W. 

Ratio ^ - 

« a. W 

Ratio — • 


inches 

degreos 

lb. 

lb. 





29 



14 

25 

1*786 




SO 

15*8 

120 

42 

84 

2*000 

1-9C2 

1*938 

n 

31 



; 70 

147 

2*100 


32 




24 

1-714 




33 

240 

123 

1 42 

78 

1*857 

1-809 

1*778 

li 

34 

I 


j 70 

130 

1*857 



85 



14 

34 

2*429 




36 



16 

39 

2*437 

1 



37 

38*8 

144 

21 

52 

2*476 ’ 

2-50G j 

2-491 i 

i 

38 



28 

70 

2* .500 

1 

39 



1 42 

109 

2-595 1 

i 



40 



' 70 

182 

2*600 1 



I 


These experiments fully confirm the results arrived at by theory, in reference to the relation of 
the friction to the arc of contact; and this relation may be ‘illustrated by the fact that the friction 
obtained by two turns of rope round a post, whatever be its diameter, is the square of that obtained 
by a single turn, while three turns raise it to the cube, and so on. Thus a single turn of a hemp 
rope round an oak ]u .st gives a value of say 9 very nearly for tlic friction ; or in other words a tension 
of 1 lb. applied at one end of the rope will resist a tension of 9 lb. at the other : two turns then 
give a friction of 9 x 9 or 81 ; three; turns a fric- 
tion of 9 X 9 X 9 or 729 ; and so on, every 3069. 

mlditional coil thus giviug an enormous in- 
crease of friction. 

The results of the aliove experiments were Scale, 

applied to the construction of an accurate in- 
etrument for the measurement of power by / 

means of a friction brake or dynamometer. / di 

In the previous instruments of this kind, the / 

total friction of the belt on the drum, after 

having been originally adjusted in amount by il| 

the weights susj^nded from the belt, is then , ,^Ji 

regulated to maintain the instrument in its \ 1 dIK 

correctadjustment; this is accomplished cither \ j 

by moans of a tightening screw in tlie belt \ i | 

adjusted continuously bv hand, as in the | y/ | 

earlier dynamometer ; or by means of a lever tv j 

with unequal arms, as in Apfxild's friction EHB 

lireke. Hr . 1 ^ -41111- a— 

By faking advantage of the principle that i/ Ti 

the friction varies with the extent of the arc ^ 

of ccjntact, the brake dynamometer is applied, " — 

Fig. 10es>. The friction drum A w fixed on the ehnft B .Iriveii l,y (he engine or other power to 
be m.-Mured Two mdial arirm CC are fitted one on each side of the drum A. having their 
extremities VT) formed to emnetde accurately with an are ef the eircumferoneo of the drum • 
the arma aro capable of revolving fredy on the ehaft B, and their otlier extremities are coni 

‘^®y balanced upon the shaft. 
The friction belt i» attached by a pm at one end F to the radial arms C, and at the other end k 
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suspended the counterbalance weight P, keeping the belt in close contact with the drum over the 
arc E ¥, The load W is suspended from the extremities D of the radial arms, by means of two 
thin brass straps or cliains passing over the arcs D, on each side of the drum, and not in contact 
with its circumference. 

The action of the dynamometer is as follows : While at rest, the load W remains on the ground, 
but by putting the drum in rotation, the friction belt being strained tight by the counterbalance P, 
and being in contact with the drum over the arc E F, presents sufficient friction to raise the load W, 
and with it the radial arms C, which continue to rise, and by their rise to diminish the arc of contact 
of the friction belt, and reduce the amount of friction, until they assume such a position, that the 
counterbalance P and the friction of the portion of the belt in contact with the drum just balance 
the load W. Whenever the intensity of the friction is increased during the trial beyond the 
average, from heating or imperfect lubrication, the arms C will rise still further towards the extreme 
position, and further diminish the arc of contact E F ; and whenever the intensity of the friction is 
diminished, as by the use of oil, the arms will fall back and increase the arc of contact E F until 
the friction will sustain the load; the total friction being thus preserved constant. The load W 
and counterbalance weight P are adjusted beforehand within proper limits, so that the vibrations 
of the arms C may be confined within the extreme positions. 

In this brake dynamometer the load remains constant during the whole trial, and acts at a 
constant leverage by means of the arc D at the end of the arms C ; while at the same time the total 
friction of the belt on the drum also remains invariable, being entirely unaffected by changes in the 
coefficient of friction, since a corresponding correction instantly takes place in the length of the arc 
of contact of the belt. In applying this dynamometer to measure the power of an engine, it is only 
necessary to take the difference in pounds between the lotid W and counterbalance weight P, and 
multiply it by the velocity of the circumference of the friction drum in feet a minute ; the product 
of these divided by 33,000, gives the horse-power developed by the engine. In order to avoid any 
objection as to oscillation of the arms, which, though it would not affect the accuracy of the test, 
might seem objectionable to those whose engines were subjected to it, the countcrhulaiice weight P is 
arranged in the form of a piston andrcxl immersed in a cylinder containing water; the piston fitting 
the cylinder so hK)scly that it could gradually assume the true position of equilibrium, while at the 
same time its movement is so mucli resisted by the water, that it could not undergo sudden changes 
of position; This arrangement renders the dynamometer as steady in its action as could bo 
desired. 

The oldest draught -testing instruments are spring links on dial balances, analogous to the 
Salter balance. Ono of these instruments is illustrated, p. 1302 of this Dictionary. 

The divisions on tlio dial do not olx‘y Hook’s law of the distances travelled varying ns the 
pulls, and it is necessary to determine all the divisions by actual experiment. Also the springs 
seem liable to twist, probably dcpeudcnl upon the exact points at the ends at which the pulls are 

1070. 



applied ; and this, combined with a little wear of tin? pins in tlio lever, seriously afiects the uniformity 
of action of the index hand. 

Tlie resistances of implomeuts drawn by horses are very irregular and jerky, so tliat it is 
extremely difficult to road the mean draught, on such an instrument with any degree of accuracy. 
These spring links have generally been superseded by inlcgrating tmetion dynamometers. 

The plough dynamometer, the first of those instruments, illustrated in Figs. 1070 and 1071, con- 
sists of a light wrought-iron frame, mounted on four wheels, three of those AAA bolOg supported 
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on axles adjustable vertically and horizontally with clamps on the frame, exactly as in wheel 
ploughs ; while the fourth wheel B, which is larger, is adjustable ou the arc of a circle O, and drives 
the speed mechanism by a pitch chain and wheels D. The object of the vertical adjustments of 
the wheels is to permit one or two wheels to run in a furrow of any depth, while the others run on 
the unploughed surface. Generally, when in action, the small wheel on the driving side is lifted 
up altogether, to ensure that the traversing wheel shall always preserve its contact and driving 
power. By means of the pitch chain, the shaft E with the largo gun-motal disc F at one end of 

1071. 



it, and the paper drum G, worked by a worm and wheel from the shaft, are driven at 8i>eods pro- 
portional to the actual speed of the implement, ns measured on the traversing wheel. They con, 
however, be disconnected at will by means of the clutch and handle H. 

The paper drum is arranged to receive one sheet of paper, wound round it as in a steam- 
engine indicator, and a pencil attached to the frame is prcjssed against the paper by a spring, to 
draw a straight zero line on the paper as the drum revolves. On the end of tlie drum a distance index 
I is engaged, one revolution giving about 200 yards travel in the instruments for English use. 
The drum and this index can be disconnected, without stopping the rest of the working parts, by 
the screw at the end of the drum. 

The htjrses are attached to the main frame and carriage at its front end K, and the implement 
to be tested is attached to the eye L at the back end of the draw-bar. This draw-bar is attac*h('d 
to the back end of the oil cylinder M, and a piston rod in this cylinder, attached to the extreme 
front of the carriage, assists in supporting it. The draw-bar is further supi)ortod by the three 
cross frames of the carriage, through which it passes ; and two spiral springs N O embrace it. 
From the draw-bar rises a vertical cross-head, to which a horizontal guide bar P P is bolted. This 
bar slides through two of the cross frames, and across the frame of tiie largo disc F’. ai'id it is 
mounted with head-stocks which support the ends of a delicately fitted shaft R, on which a small 
brass disc S is keyed or soldered, in such a position that when the instrument is unloaded it touches 
the large disc exactly at its centre. The small disc, generally about 1 f in. in diameter, is termed 
the integrating disc, and by means of its shaft, and a short piece of india-rubhor tulie * forming a 
universal coupling, it works the small counter T at the back end of the bar ; this counter is the 
integrating counter. The bar P near its front end carries a pencil U in a light spring which preeavs 
it against the surface of the paper dfum. The large disc is pressed against the edge of the small 
one by means of a spring contained in the hollow shaft which carries it. The revolutions made by 
the large disc in any time must be proportional to the distance traversed in that time, as measured 
by the traverse wheel which drives the disc. The pull of any implement applied to the draw-bar 
will compress the springs to an extent proportioned to the pull applied, and will move the funaU 
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disc across the face of the large disc to the same extent. If the edge of the small disc is exactly 
touching the centre of the large disc, when the springs are unloaded but not slack, the distance of 
the small disc from the centre of the large will also vary directly as the strain, and the velocity 
ratio of the discs will vary in the same proportion. The number of revolutions of the small disc in 
any experiment will depend partly upon the distance travelled, as measured by the revolutions of 
the large disc, and partly upon the pull of the implement. The number of revolutions of the small 
disc, multiplied by a constant coefficient, is equal to the distance run multiplied by the piill, or to 
the foot-pounds of work done. Kach set of springs has its own constant, determined experimentally. 

In a perfectly adjusted instrument, with perfect springs, the constant could readily be deter- 
mined from one set of such experiments ; but in practice the constant thus determined is never 
exactly the same for the different loads. 

It is desirable with this and other dynamometers, in testing each implement, to take two runs 
of about equal length in opposite directions, adjusting both counters to zero before the first run, 
and noting their registers after each run. The results are determined from the means of both runs. 
This precaution avoids risks of error from slight inclinations of ground, and gives immediately a 
ready check on clerical and instrumental errors. All distances recorded should be taken from the 
distance scale or counter, and not from measurements in the field, as the traversing wheel may 
alter its effective diameter by clogging, or might stop temporarily. The following is a simple and 
systematic sequence for tabulating results j — 


Distance registered in ft 

Index registered 

Index a ft. run 

„ corrected 

Ft.-lb. a foot run, that is also mean draught in lb. 

Where C is the constant of the machines. 




C(^±K) 


The paper cylinder referred to in the description of this instrument, enables diagrams of the 
strains and variations of strain to be taken during trials of implements. The paper being wound 
tight on the drum and secured, the zero pencil must be adjusted to mark clearly and steadily; 
tlien, the springs being unloaded, and the integprating disc at zero, the strain pencil must be 
adjusted to mark the cylinder on exactly the same line as the zero pencil. When the instrument is 
started, *a diagram is produced of which the zero line forms the base ; the abscissee denote distances 
on the same scale as the distance index, and the ordinates show the strains on a scale of loads 
determined from the springs. 

Tlie horse dynamometer was designed primarily for testing carts, waggons, and other wheeled 
vehicles having shafts. 

The general princi{)le of this dynamometer is, that it shall occupy the same position as a 
powerful cart-horse in any wheeled vehicle to ^ test^ ; that it shall draw the vehicle on any 
sinuous course by means of harness attached to the shafts in the usual way ; and that in doing tills 
it shall register the most important strains which a horse would have to exert in drawing it. 

All the iiistruinental parts are self-contained on a small bed-plate A A, Figs. 1072, 1073, mounted 
upon a carriage frame B B of wood and iron, resting upon four cast-iron wheels, which add to its 
stability by lowering the 
centre of gravity. K is a 
pair of untemjiered steed 
draught springs, which arc of 
uniform width, with planed 
edges, and are jointed with 
an accurately fitted pin at 
one end, and two such pins 
with a short link at the 
other end. This arrange- 
ment prevents any tendency 
to parallel motion, as would 
be the case if there were links 
at both ends ; and at the 
same time j^ermits etich bar 
freely to assume its own shape 
and length, when under 
strain, which could not be the 
case if the springs were 
attached immediatelv to one 
another at both ends. The 
longitudinal section of the 
springs is approximately pur- 
abolic, the bases being at the 
centre eye in each case. There are throe pairs of these springs readily interchangeable, two pairs 
being 4 ft. long between end ooutres, and suited for maximum pulls of 600 and 1000 lb., and the 
third pair 5 ft. long, working up to 1600 lb, pull. The centre eve of the front spring is held 
by an accurately turned pin 0, carried in a fork oast on the front end of the bed-plate ; the eye of 
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the other spring is similarly carried in a fork on tlie end of the turned draught bar, and is carried 
only in two bearings F behind the fork end, and the oil cylinder G at the beck of the bed-plate. 

Behind the bearing F the draught bar ia flattened, and the draught plate H H is j ointc^d to it 
with washers above and below, to ensure great freedom of motion horizontally. This draught plate 
IS a very important detail, and represents a horse’s shoulders and collar ; it is attached to the 
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draught bar at its front end by the centre pin K. and the corners are 8up|M>rlLMl on easy running 
castors 1 1, which move freely in any direction on the top surface of the bed-phito. To these 
comers, beyond the castors, and coushh rubly behind the centre i>in, are attached thf> <lraugiit 
chaiiiB L L, whicli are htKjked to i\\e shafts DD of the vehicle that is to })c tested. The height of 
these chain attachments, and their width apart on the draught plate, are very in'arly identieaf with 
the height and width of the similar attachments on the eidlar haines of a Ih-lmml’liorse ; and tlie 
dynamometer ther< fore will draw a vehicle behind it round n considerahh* bend, always kcejung 
both draught chains strained, and inclining the vehicle to follow in its track, without hearing 
materially against the inside of either of its shafts. The castors eliminate all vertical eompfments 
of pull, 80 that only the direct horizontal comi)onents w hich arc etlcctive for doing work are com- 
municabid to the spring.^. 

Above the oil cylinder G a WTOUght-iron chain saddle M, reprr sent i Tig that carried by a horse 
in cart harness, is HUsi»onderl from one end of the lever N, th»‘ otlier (ud of which is Held by a 
Salter’s balance O at the rear of the carriage. Over tlie saddle the ordinary hhaft chains an* j)ussc*d 
and the shafts being adjusted to their proper height by means of it, the weight carried on the 
saddle, in any experiment, can be read off readily on the dial n ferred to. Ureeebing eliaina are 
attached to the side frames, for n*strainiug imideiiit nts liehind the instrument whi n going down 
hill. At the rear of the carriage, aiTangements are made fnr testing any pair of sjirings readily 
in the field by means of a long ended bell-crank h ver, tlie short arm of w Inch can 1>e linked 
wlieii necessary to the back end of the draught bar, while to the long horizontal arm known 
weights are suspended at its outer end. Tiie integral ing anil registi'ring appanitus are similar in 
priiiciiile to those in the plough dynamometer previously desenhed. ’Jlie* distance eoiintcr and 
large disc R are worked hy means of bevel gear and shafts P P from the hind slmft of tlie eariiage, 
whicli is keyed into one travelling wheel, while the otln rruns loosely upon it; a clutch and linndle 
^"rve to disconnect or connect the g< ar readily. Tlie motion of tlie draught liar is trebled on to the 
integrating di.se S by means of the lever T, which 1ms its fulcrum self-eon tuined on the bi-d -plate 
and at its u]>pf*r end is coiinech d by the link U to a small guii-metul sliding finmv V, which re.sts 
in two easy fitting bearings, and contains in itself the integrating disc H, with its shaft and a 
simple and easily read counter W workeil by it. for recording the numlicr of re volutions of the* disc. 
The front emd of the slide also, beyond its bearing, carries a i)oint(3r X, for indicating to an eibserve*r 
the variations of draught and the maximum elraught, on a clemrly figured scales of hiaels. I'lio 
distance register is kept em an equally clear counter behind the largti disc, and worked by toothed 
wheels ofl me driving shaft. 

The friction brake dynamome ter, wldch absorbs the availaldc energy of any prime mover by 
the friction of a strap on af pulley, and measures its amount at the same timi*, was invented by 
Prony, but imiirovemcnts were introduced by Apijuld. Botli forms of instruments Itave been 
described in this Dictionary, pp. G16 and G27. 

The 100 liorse-iKiwer friction brake is on the same principle, but has Ibree brake imlJevs on 
the same shaft. It consists of a cast-iron carriage and frames, supported on wheels and axles 
for running on rails in a long trial shed, opfiosite to which the several engirn s to be tested siionld 
be parked. Two 5-in. bearings on the frames c.arry the main hhaft, on which three brake pulleys, 
each 5 ft. diameter and 7 in. wide, arc keyed, two of these being situated between tlie bearings and 
the third on an extension of the shaft beyond them. To the end of the shaft a universal ooupliiig 
shaft is keyed. Any engine to bo tested adjusts its crunk shaft as netirly as possible to the some 
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height and direction as tlio brake shaft, and tlien conplcs on to the universal coupling shaft with 
similar fork couplings, one of which is arranged to slide on the shaft so as to adjust the length 
exactly, and avoid risks of end friction on any of thci journal collars of either engine or brake. 
Each of the three brake pulleys constitutes a complete brake in itself, and for moderate powers it 
is somotiinos desirable to run with only one or two of them at work, the straps in that case being 
removed from tlie others. Tlie brake also can be driven by a belt over one of these pulleys, if it is 
inconvenient to use the universal couplitig shaft. Gun-metal side guides are screwed to the sides of 
the blocks to keep them in position laterally. On one side an eye is formed in the straps, and to 
this joint the testing weights are suspended by means of a rod. On the opposite side of the pulley 
the straps are cut, and eoniHiCted again by moans of the right and left-1 land screw, for adjusting the 
degree of tightness by hand. 

At its lowest point the strap is severed again, and the ends are connected by pins to a pendulum, 
sometimes called the differential lever. Its object is to maintain a uniform frictional resistance on 
th(* brake by keeping the joint of attachment of the weight at a constant level, and this it does 
with extreme delicacy in the following manner. The pendulum consists of two links suspended 
from joints on standards at each side of the pulley. Their length may be adjusted by nuts at their 
top ends, an<l by trieans of the joints in tlie standards they are free to move through angles of 
moderate ext(mt on each side of their vertical position. 

The first e.^sential with this pendulum is that its length sliall be less than the radius of the 
brake pulley, and tlic second is that the ends <»f the strap on the weight side of the brake shall bo 
joinh'd to it. at a greater radius from its centre of suspension than the strap ends on the opposite 
"side. A ix)iiiter on a standard marks tlie proper position for the joint, an<l the eficet of the pendulum 
regulating apjiaratns is that, it', from any cause, the fricti«»n of the brake blocks increases, and lifts 
the joint above tlio jiointcr, thus circling tlie whole strap slightly round the pulley, tlio pendulum 
will incline towards tlie weight and slacken the stra]> in that direction to a greater extent than it 
tightens it in tlie opposite direction, in proportion as the mdius of the one joint is greater than that 
of the other. I’he result is that the joint will return nearly to the pointer, and if from continued 
actions of this kind it should move materially from this its normal position, the strap must be 
slackcnod till the joint returns. A similar but directly opposite action takes place if the joint falls 
below the pointer, fiom the strap being too slack. TJie weiglit-ro<l carries at its bottom end a disc, 
which is a very easy fit in an open-topjied cylinder or dasli-j)ot, filleil with water when the brake is 
in u.s(‘. The weights are of different sizes, and are slipped on to tlie rod above a disc, which is 
screwed to it for supporting them at such a level ns to be well above the top of the dash-pot, when 
the instrument is in use ; hut so that tliey can rest on the top flange of tlie dash-pot, when the 
brake is at rest, witliont pushing the pendulum very far over in the opposite direction. 

The revolutions of the lirake are registered on a counter, placed on a standard opposite the end 
of the shaft, and connected or <lisconnected at will by means of a handle and driving pins on the 
sliaft and counter. Tlatfornis arc laid round the carriage for the convenience of the attendants, 
one of whom must always stand by the adjusting screws, and alter them when necessary to keep 
tlie joints opposite* the pointers, while anotlier looks after the lubrication and cooling of the straps 
and pulleys with water service**. The usual lubricants used are tallow and blacklcad, introduced 
in lumps between the wood blocks, with a little oil occasionally from lubricators su.«:pended above 
the pulh ys. Water cans with cocks are also placed alxivc the pulleys for the water-cooling services, 
the supply to the cans being usually kept up by a small hose. 

A forked steel gauge is provided for measuring the exact radius of the joint, at which the 
weiglits are suspended. To facilitate this measurement, the joint pin is turned down to sharp 
points at its ends, and the mean distance of these points on either side of the pulley from the shaft 
centre are taken by pressing the fork of the gauge against the shaft and reading off the flgures on 
a scale at the other end of it. The gauge has also engraved upon it a scale of the circumference 
of the circles corresponding to the radii of the joint, and it is usually more convenient to read off 
this scale. The wood block beneath the joint is increased in length beyond the other blocks, partly 
to increase the bearing surface on the pulley there, and also to make the halves of the strap with 
its blocks, as divided by a vertical centre line, equal in weight. Then the effective loatl upon the 
brake is the load suspended by the rod including the weight of rod and washer-plates as measured 
with the bottom disc in water, together with the weights carried by the rod. 

The foot-pounds of work a revolution then equals the effective weight W, multiplied by the 
circumference of the circle. 


Putting W = total effective weight in lb,, c = circumference in ft. of circle of radius of pulley 
n = number of revolutions in any time, t = time in minutes, then total foot-pounds of work done = 

X c X 

W X c X n, and the mean actual brake horse-power = 33 oqq^ ‘ 


In England it is usual in trials of portable and other engines to let each exhibitor determine the 
moan spec^ in revolutions a minute, and the horse-power at which ho wishes his engine to be 
tried. Let r be the revolutions a minute, and P be the power which he elects for, then the gross 


weight on the broke must bo 

33,000 X P 
^ = r— — 1 


and from this must be subtracted the weight of the rod, to determine the apparent weights which 
must be applied. 

The rotary hand dynamometer. Fig. 1074, for testing small hand- worked machines, consists of a 
bed- plate and two frames, carrying two parallel shafts A B and C D, connected by a pair of toothed 
wheels U and Y, each 14 in. diameter and If in. wide. The first of these shafts is supported in 
parallel bearings in the usual way, and carries at one end a fiy-wheel E, 3 ft. 10 in. in diameter, 
with a handle at 16 in. radius, for working it by manual power. The second shaft has a bearing of 
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rounded internal section D at one end, to permit the shaft to incline slightly upwards at the otlier 
end. When the instrament is not in use, this shaft rests in the bottom of a slot O in the A frame, 
arranged to permit it to rise and circle round the centre of the shaft A B. At its end D, this shaft 
carries a belt pulley M, 2 ft. 7 iu. diameter, and 4 in. wide, ftom which any machine to be tested is 
driven. A long lever F L encircles the two main shafts at 0 and A, and is prolonged to a heavy 
counterweight L at one end, and at the 
otlier suspends a Salter's spring balance 
F, attached to a cantilever projecting 
from the bed*plate. An oil cylinder G, 
below the lever, reduces any vibration 
which may arise in the apparatus. The 
lever is accurately bushed at A, so that 
the shaft AB can revolve within it, 
without allowing any transverse un- 
steadiness of the lever. The bush at C 
encircling the other shaft is rounded or 
knife-edged in the middle, to permit the 
shaft to rise in the slot as above de- 
scribed. 

To the face of the weight L a counter 
N is attached. This is binged at one 
end, with a spring behind it at the other, 
so as to press a small integrating disc 
contained in it against the face of a 
driving disc O, which is driven by a train 
of wheel work P from the shaft AB. 

This wheelwork can be disconnected at 
pleasure by the clutch and handle Q ; 
and it also drives a counter R, for to » y .•» ♦ 

registering the number of revolutions ' 

in a given time. The counterweight L, on the lever FL, must be adjusted lengthways, so as to 
balance the lever. To be accurate, half of the weight of the driving belt should at the same time l>e 
suspended from the driving pulley M, as that also must be balanced. 

Tiie counter N is shifted longitudinally on the face of the weight, till the integrating disc N is 
exactly opposite the centre of the disc O, when the lever is at the right height. The screw above 
the spring balance F must then be adjusted till the integrating discN is exactly at the right height. 
The spring balance should now stand at zero on its scale, otherwise the balance of the lever must 
be further corrected with small weights. 

The instrument is usually worked by two men, at nearly uniform speeds, regulated by the 
vibration of an adjustable pendulum suspended to the frame. The instrument being in true 
adjustment, the foot-pounds of work done in any revolution is equal to tbo pull iu pounds 
upon the spring balance F, multiplied by the circumference in ft. of the circle whose radius 
is A F. This can be equated to the index recorded by the integrating counter N, multiplied 
by a constant C, which can be determined inversely by pressing the lever upwards till tlie 
spring balance records a certain strain, and then noting the integration recorded by the counter N 
in a given number of revolutions, by the revolution counter R. 

1075. 1076. 1077. 




Then if W = strain on spring balance in pounds, c = circumference in ft. of circle of rndins 
A F, n = revolutions of integrating counter, N = revolutions of hand-wheel, the foot-pounds 

of work done, NxcxW = Cxn. Therefore 0 

n 

If the instrument is not in perfect adjustment when tested^ and succosslvo readings with 
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different loads on the spring are not exactly proportional to those loads, it will generally be found 
that the readings can & made proportional to one another, by adding to or subtracting from each 
reading the product of a constant K into the revolutions N. The result is that in all subsequent 
calculations (n ::b K N) must be substituted for n. 

Then the foot-pounds of work done = C (« ± K N), and q _ ^ ^ ^ ^ 

n I 

The 20 horse-power rotary dynamometer, Pigs. 1075 to 1077, consists of a pair of well-balanced 
fast and loose pulleys A and B, on a shaft C D, which is carried in bearings on two frames, sup- 

S orted on a timber carriage. The power of the engine or other prime mover is conveyed to the 
ynamometer, either by a belt on the pulley A, or by a universal coupling shaft. The machine 
under trial is driven by a belt from the pulley B, which, though loose upon the shaft, is connected 
with the pulley A by a series of springs, which permit it to lag behind the pulley A, the angles of 
twist being proportional to the effective strain transmitted by B. 

The springs are arranged in the following manner. The boss of the pulley B projects 2 in. 
beyond the edge of its rim ; and from the inside of the rim of A two flat plates F F, at opiK)3ite 
sides project into the pulley B, Figs. 1076, 1077. To the boss of B and its elongation, four curved 
springs, shaped like short watch-springs, and each 2 in. wide by in. thick, are attached. Two 
of these G G, near the centre arms of B, wind outwards in one direction, and are attached to the 
pulley A, at its rim by means of the arms F F. The other two springs H H, on the prolongation of 
the boss of 13, wind outwards in the opposite direction, and are attached direct to the rim of A. The 
object of arranging the springs in opposite directions is to neutralize the effects of centrifugal force 
u{)on them. 

The pulley B is retained accurately in one position endways on the shaft by a collar on one side, 
and the boss of A on the other. On the boss of B. facing the bearing 0, a very short piece of a 
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ooarse-pitobed double-threaded braas screw K is pinned, and these threads bear a^inst a small 
cross-head L, which is passed through a slot in the sliaft, and has its ends bevelled off to partial 
screw-thread^ so as to fit on the screw K. Figs. 1078 to 1080. Jho slot tlirough the shait extends 
nearly to the bearing 0, giving the cross-head L freedom to slide along it in the dir^tion of the 
bearine. From its extremity at M to the slot the shaft is bored out, and a small ^ ^sses up 
this bore and is screwed to the oross-hoad L. A light spiral spring encircles this tod m the bore, and 
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TC 880 S the cross-head L lightly against the screw K, the resistance at its other end being produced 
y the screwed bush at M. 

The red N is prolonged beyond tlie end of the main shaft, to work the slide O of a counter and 
disc integrating apparatus. Figs. J 078 and 1081. The slide works in V grooves and contains i 
itself an integrating disc P, supported on brackets projecting from the side, with its integratin 
counter Q, and a pencil for recording diagrams on a paper cylinder R. Tlic driving disc S, th 
revolution counter T, and the pape^r cylinder tiiniing gt‘ar are driven by moans of a small spur 
pinion contained on the nut which is screwed into tlie main shaft at M. This pinion gears into a 
whrcl on the counter apparatus, and thence the various motions are conveyed by bevel and otlier 
wheels, with a disconnecting clutch at V for stopping and starting the recording apparatus at 
pleasure. 

As the angle moved through by the loose pulley B, relatively to tho fast ono A, varies nearly as 
the load on the springs, the travel of the cross-head L and slide O, worked longitudinally by uniform 
screw-threads, must vary in the same ratio. It follows from this that the motion of the pencil on 
the paper cylinder and the radius of contact of the integrating disc P on the driving disc S, will 
also vary uniformly with the twistifig moment, if they are adjusted to their respective zeros when 
tho springs are unload(^d and free in botli directions. 

The work done in foot-pounds can be represented as the product of a constant C into the revo- 
lutions recorded hy the integrating counter. 

Let n = revolutions of integrating disc as recorded by its counter, then the foot-pounds of work 
clone in any experiment = C x n. 

The constant C is usually determined by securing the shaft and fast pulley A, and loading tho 
loose pulley B wilh a known weiglit W, suspended on one side by a small eord wound round its 
rim and atrached elsewhere, tlie discs and other parts having been previously adjusted accurately. 
Then the clutclj at V being disconnected, the registering apparatus is turned round by baud till 
any number of revolutions of the dynamoiiK'ter is recorded by the counter T. Let N = such revo- 
lutions of d^’namometer, c = circumference of pulley in ft., W = weight in lb. apj>lic‘d to its 
eirenmferenco, n = revolutions recorded by integrating counter when N is taken, then tho f(X)t- 
pounds of work may be represented by either of the expressions N X c X \V, or C x n. Tliereforo 

XT TTT ^ ^ N X c X W 

N X c X M = C X a, and C = 

n 

Tho test should be repented wilh increased binds, and should be applied nt different parts of the 
circumference of B, to eliminate errors arising frt)m la*'k of balance of the pulley B, and to deter- 
mine wliethcT any nmt(‘rial corr* ction K must be taken into account, in consequoneo of imperfect 
adjustment at starting. 

In a 50 horse-power rotary dynamometer tho chief difleronce from the 20 horse-power dynamo- 
meter is that it is provided with six straight radial springs attached to the projecting boss of the 
loose pulley B, and bearing againfit rollers projecting from the arms of the fa.>t pulley A just within 
its rim. The springs are thin, tlat-tapereil plates, proportioned to act as cantilevers supported at 
tlie centre bo.sg and loaded at tlie bearing rollers at their outer ends. 

H. Darwin obviates the use of a spring, by employing a system of rods and a weight, whieli makes 
the distance of the integrating wheel from the centre of tlie large disc always proportional to tlie 
moment of the force turning tlu- dynamometer. The priiici[)le of the nrrangemeni; is diagrammaticully 
shown in Fig. 1082, where tlio line O G repre.sents a rod capable of turning freely in the plane of tho 
paper about tiie fixed point O; at G it is pivoted to tlie centre of a rod 
A G B, which is twice the length of O G. Then the point B being gniejed 
to move in the vertical line O B, the other end A of the rod will neces- 
sarily move in the horizontal line O A, in consequence of the property that 
the angle contained in a semicircle is a right angle; the principle of the 
ordinary grasshopper parallel motion. At B a weight W is suspended, 
and at A a horizontal force V acts, which is proportional to the moment 
turning the dyiiiimometer. As the rod O G can turn freely at O, the 
reaction at G must be in the direction G O, when there is equilibrium ; 
and as there are throe forces acting on the rod A G B, two of which, 
the horizontal force P and the reaction at G, have their directions meeting 
at the point O, the direction of the third force must also pass through the 
same point O ; that is to say, neglecting the weight of the rods, there will 
be no reaction between the end B and its guides. The directions of these 
three forces Ixdng parallel to the sides of the triangle O II G, their mag- 
nitudes are proportional to the length of its sides, and the force P varies 
as the tangent of the angle which the rotl O G makes with the vertical, 
as W is a constant. The farther tlie point A moves fr(^m O, the greater 
P becomes ; and when the rods O G and A B are vertical, P is nothing. 

If the rod G O be prolonged in a straight line beyond tho fixed centre 
O, and F be its intersection with a horizontal line drawn tlirougli any 
point E in the vertical line EOB, the distance of F from E will vary 
as the tangent of the angle which O G makes with Uio vertical, and therefore as tlie force P. This 
force being proportional to the moment turning the dynamometer, if tho small integrating wheel 
be made to move towards or from the centre of the disc as the jioint F moves towards or fi-om E. 
the counter attached to the integrating wheel will register a number proportional to the work 
passing through the machine. The weights of the rods O G and A B, which have been neglected, 
will only have the effect of causing a slight reaction between the end B and its guides, and of 
adding a small amount to the weight W ; and this will cause no error in the action of the machine 
constructed upon this principle. 

Fig. 1083 is of the rotary dynamometer designed on this principle ; the only difference being 
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that the Mint B from which the weight is suspended, is guided in an arc of a circle by means of a 
radius rod of suitable length, as this causes less friction than a block sliding between guides, and 
will produce no sensible error. The counter C and integrating wheel I form a small carriage, the 
weignt of which is supported at one end by the integrating wheel itself resting on the face of the 
large horizontal disc D, and causing sufficient pressure to produce rotation of the wheel when the 
disc rotates ; and the other end of the carriage is supported by a pair of wheels running on 
horizontal rails. On the axle of those carrying wheels are two loose rollers, against each of which 
presses one aim of the fork F, on the end of the rod O G, and thus the carriage and integrating 
wheel are moved backwards and forwards as 
the fork moves ; the arms of the fork are held 
together by a spring, so that no backlash can 
take place. Ttie integrating wheel 1 is ad- 
justed BO as to bo at the centre of the disc D, 
when the fork F and rod O G are vertical: 
hence its distance from the centre of the disc 
at any time is proportioned to the force P. 

The pulley N, driven by a belt from the 
engine, is keyed upon the main shaft S, on 
which is also carried a loose pulley B of the 
same diameter, for driving the machine to be 
tested. The shaft B is made hollow, and inside 
it slides a fiat iron bar, the outer end of which 
is connected to the end A of the rod A B by a 
swivel joint, allowing the bar to rotate with 
the shaft ; the inner end of the bar is attached 
to a short chain, which is fastened to the cir* 
cnmference of the small wheel J, a slot being 
cut in the shaft B to admit the rim of the 
wheel for this purpose. The spindle L of 
tlie wheel J is supported by brackets bolted 
to the side of the mst pulley N ; and on one end of the spindle is keyed another small wheel K, 
with a short chain fastened to its circumference, the otlier end of tl»e chain being attached to a 
sector of a circle M cast on the side of the loose pulley R. The whole force that drives the 
loose pulley is thus transmitted through this chain, the tension of which is therefore proportional 
to the driving force; and this tension being communicated directly through the wheel J and the 
sliding bar to the point A, the distance of the integrating wheel from the centre of the disc D is 
proportional to the power driving the machine that is being tested. 

The constant for this dynamometer has not to be determined every time the instrument is 
used ; when once known it does not alter with use. It may be detoimined in the ordinary way by 
hanging known weights to the circumference of the loose pulley, and turning tlie disc D a known 
number of times, and then reading the counter ; but it could probably bo ascerhiined with greater 
accuracy by calculation, and it could be made equal to any couveuieut number by constructing the 
parts with proper dimensions. 

In discussion upon this paper, F. J. Bramwell said a very simple mode of making rapidly a 
d 3 mamometcr, sufficient for the purpose of giving a rough estimate of the ix)wor exerted by a 
portable engine in doing any particular work, was to lay a leather friction strap over the driving 
pulley of the engine to be tried, to one end of w^hich was attached tlie weight ta be lifted, while 
the other end was fixed to an ordinary spring balance. The engine was then set to work to lift the 
wciglit, and supposing the gross weight suspended from the strap was 100 lb., and that when it 
was held up from the ground by the engine, the spring balance indicated 20 lb., then the effective 
weight lifted by the engine would be 80 lb. Suppose the friction incre^ised and tlie band began to 
wind the weight up, so that the tension upon the ei>ring was reduced to say 18 lb., then the effective 
weight would be 82 lb., and that would restore the balance of work. If on the other hand there 
was not friction enough, and the weight began to fall, the spiral spring would bo extended and tlie 
effective weight would be lightened, because the spiral spring by its range of motion would take 
an increased portion of the strain, and thus cause a deduction from the weight at the other end of 
the strap. 

Simple, effective, and convenient as the arrangornont of the friction brake dynamometer is when 
employed on a small scale, it proves to involve serious difficulties. 

In a dynamometer for measuring the power delivered to the screws of large ships, W. Fronde 
has designed that the reaction, instead of arising fi*om the continuous friction of two solid surfaces, 
consists of a multitude of reactions supplied by the impact of a series of fiuid jets or streams, which 
are maintained in a condition of intensified speed, by a sort of turbine revolving within a casing 
filled with water, both the turbine and the cosing being mounted on the end of the screw shaft in 
place of the screw, the turbine revolving while the casing is dynamometrical ly held stationary. 
The jets are alternately dashed forward from projections in the turbine against counter projections 
in the interior of the casing, tending to impress forw’ord rotation upon the casing, and are in turn 
dashed back from the projections in the casing against those in the turbine, tending to resist the 
turbine’s rotation. The important point is that the speed of the jets is intensified by the reactions 
to which they are alternately subjected, and a total reaction of very great magnitude is maintained 
within a casing of comparatively very limited dimensions. 

Figs. 1084, 1085, show what has oeen termed the turbine dynamometer; it is a disc or circular 
plate B B, with a central boss keyed to the screw shaft A in place of the screw, and revolving with 
the shaft. The disc is not flat throughout its entire zone, being shaped into a channel of semi-oval 
section, which sweeps round tho whole oircumfereuco concentrically with the axis. To give defi- 
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nitenesa to tho oonceptlon, let it be imagined that, to deal with an engine of 2000 indicator horse* 
power, the diameter of the turbine disc to the outer border of the channel is 5 ft. 

The casing G 0, has now to be added. The face is shaped into a channel, the counterpart of 
that in tho turbine disc, which it fronts precisely, so that the two semi-oval channels in e£^ct form 
one complete oval channel, though the two halves are in reality separated by an imaginary plane of 
division. The back of tho casing embraces or includes the turbine entirely, but without touching 
it. Tho casing is also provided with a boss, which is an easy fit over that of the turbine ; and thus 
the turbine carried by the shaft can revolve within the casing without 
touching it, while the casing itself is stationary. One half of tho oval 
channel is running round while the other half is at rest. 

Thus far the two half channels have been regarded as open and 
unobstructed ; they are in fact each closed or cut across by a series of 
fixed diaphragms EE. Tho diaphragms cut the turbine channel, 
not perpendicularly, but obliquely, being semicircular in outline, so that 
when set obliquely their circular edges fit the oval bottom of the 
channel, while their diameters span tho major axis of tho oval. Each 
half channel has twelve of these diaphragms, and is divided into a 
series of cells, each of which, if viewed at right angles to one of tho 
diaphragms, or if shown in a section taken parallel to one of them, is 
semicircular in outline; and if viewed in connection with the cell, 
which is for tho moment opposite to it in tho counterpart half channel, 
the two together make one complete cell with circular outline. Tlius 
the whole oval channel may bo regarded as a series of obliquely placed 
circular cells ; and as tho function of tho turbine is to rotate while 
the casing remains at rest, one half of each cell is moving past the 
other iu such a manner that the moving half, if viewed from its 
stationary counterpart, would by reason of the oblique direction of tho 
diaphragms which form the cell sides, appear to bo advancing antago- 
nistically towards it The motion virtually constitutes such an advance, 
because the bottom of each moving half cell is continually approaching 
the bottom of the stationary half cell which it faces. The ottectivenesa 
of this combination to resist rotation depends oa.scntially on this virtual 
approach of the moving to the stationary half cells. 

The channel and the whole casing is filled with water, and the 

turbine is made to rotate. When the turbine ia thus put in motion, 

tho water coutuiued iu each of its half cells is urged outwards by centrifugal force ; and in obeying 
this impulse it forces inwards the water contained in tho half cells of the stationary casing, and 
a continuous current is established ; outward in the turbine half cells, inward in those of the 

''The current, though originated solely by centrifugal force, possesses a power of growth inde- 
pendent of centrifugal force, and dependent on what has been termed the virtually antagonistic 

attitude or motion of the two sets of diaphragms, and tho cells of which they are the boundaries. 


mail 




The nature of this power of current-growth is somewhat intricate to trace. With any given speed 
of tho turbine, the system of internal motions involves a potential or definite speed-producing 
power, which will continue to increase the speed of the currents until the friction experienced by 
them in traversing the cells, produces a resistance equal to the potential. This frictional resistance 
as well as the i)otential itself, are alike proportioned to the square of the speed of the turbine, and 
the resulting speed of current is directly proportional to the speed of tho turbine simply. . 

The manner in which the currents, when established, produce the dynamometric reaction can 
bo traccid very easily. Tho explanation already given of the internal form of tho cells which the 
curreut traverses, shows that the volume of water which constitutes tho current in each oomDlote 
coll, may be rega^c^ as a circular plane or disc of water, rotating in its own plane between the 
diaphragms, which define the direction of the water disc and which are tho boundaries of its thick- 
ness. As the diaphragms radiate from the centre of tho turbine and casing, the discs of water 
which they enclose, will not bo of parallel thickness throughout, the part furthest from the centre 
being thicker than that nearest to it ; but if the breadth of the channel in the turbine which the 
diaphragms close, is smaU compared with the distance of the channel from tho centre of the turbine 
and the diaphragms are close together, this inequality of thickness will disappear ^ 

Each of these rotating cfrcular water discs, may be regarded as consisting of a series of hooD- 
shaped pipes or tubes of infinitesimal thickness, laid one within the other, and each filled with a 
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stream of some appropriate speed, the sides of the pipes being merely imagina^ botindanes. The 
disc, made up of tneso streams, will constitute a sort of vortex. Each vortex, in virtue of the cen- 
trifugal force which is continually tending to stretch it edgeways, pushes against its circumferential 
boundaries ; and os these boundaries are made up of the bottoms or circular outlines of the two 
half cells occupied by the vortex, the resultant force measured in the plane of rotation of the turbine, 
is constantly tending, with a determinate force, to stop the rotation of the turbine, and to create 
rotation in the casing. 

A simple way of expressing the magnitude of this force, is to regard it as due to the reversal, 
in each semi-revolution of the vortex, of the aggregate momentum of the vortex streams, measured 
in the plane of rotation of the turbine ; for the streams wliich on entering the cell are flowing in 
one direction, are flowing in the opposite direction with precisely the same speed on leaving it, and 
tho force due to the reversal, is directly proportionate to the amount of momentum reversed in a 
second. This is as the product of the mass acted on in a second, and the change of speed imparted to 
it in the piano of rotation of the turbine. The change of speed is twice the speed of the turbine. The 
mass acted on in a second is as the mean speed of the vortex current, which bears a constant 
relation to the 8pee(H>f the turbine ; so tliat the tendency of each vortex to stop the rotation of the 
turbine, and to give rotation to the casing, is as the square of the speed of the turbine. 

This element of reaction would continue to act for a time, even if the turbine were suddenly 
brought to rest; for the vortical rotation to which it is due would continue, though with 
gradually diminishing speed, until it was extinguished by friction. But there remains another 
element of reaction to be taken account of, which exists only while the turbine is in rotation. 

This is due to the circumstance that the imaginary hoop-shaped streams, of wliich each vortex is 
made up, are perpetually being severed or sheared, by the passage of the planes of the turbine 
diaphragms past thosfj of the casing diaphragms. The action here referred to does not interrupt or 
alter the effective speed of the streams thus displaced, for these, in virtue of the incompressibility 
of water, must each traverse its imaginary pipe everywhere with the same spewed ; but in virtue of 
tho action, the particles which constitute each stream must, at the points of shearing, be 
perpetually undergoing idtcrnate changes of speed, backw'ards and forwards iu the plane of 
rotation of tho turbine. For as they pass from the stationary casing cells to the rotating turbine 
cells, they are obliged to assume the speed of the turbine in its piano of rotation, and they thus 
react on the turbine diaphragms with a definite force, due to the amount of momentum n second 
imparUid to them in trunsition. Again, as they pass from the rotating turbine cells to the 
stationary casing cells, they are obliged to lose that speed in the plane of the turbine’s rotation, 
and they thus act on tho casing cells, tending to push them forward, w ith the same force with 
which their reaction tended to push back or stop the rotation of the turbine cells. The force is tlio 
same, because the some mass a second is acted on in both instances, and tho same speed is in the 
one instance imparted, in the other instance ttiken away. 

The reaction is as the square of the speed of turbine rotation, sinfte the momentum generated 
a second is as tho product of the mass oj^rated on in a second and the speed imparted to it. The 
speed imparted is simply the speed of the turbine, and the mass oj)crated on is as the speed of 
vortical rotation, which is necessarily as the speed of the turbine. 

It is necessary to show that an adequate amount of total reaction can be produced by an 
instrument of conveniently limited dimensions; and tliat an instrument of given dimensions is 
governable ns regards its reactions, that is, capable of being made to produce at pleasure a greater 
or loss reaction with a given number of revolutions, so that within reasonable limits the same 
instrument is capable of dealing with engines of great or small i)ower, allowing each to make its 
proper number of revolutions. 

As regards the first condition, theory shows tliat, comparing two strictly similar but differently 
dimensioned instruments, their respective movements of reaction, with the same speed of rotation 
in each, should be as tho fifth powers of their dimensions. This poposition is fully borne out by 
experiment. A pair of similar instruments were made, in which the turbine diameters arc 


respectively 12 in, and 9'1 in. Now 4, and accordingly tho ratio of the moments of the 

two instruments at a given speed of turbine rotation should also have been 4. Tho ratio was in 
fact S’80 : but tho small difference is referable to the circumstance, that in the larger of the two 


instruments the internal surface was rather less smooth, and the fiiction of the water consequently 
rather greater than in the other. The data thus obtained not only verify tlie scale of comparison 
based on the 5th j>ower of the dimension, but they also furnish a starting point, by which to obtain 
the dimensions of the instrument which will be required to deal with any given horse-power, 
delivered with a certain number of revolutions a minute. It appears that to command the 


measurement of 2000 horse-power delivered with 00 revolutions a minute, a fairly typiciil speed 
for tho power, an instrument is required with the turbine 5 ft. in dinmotcT, and being in fact a 
duplicate turbine, or formed with two faces, with a double-sided casing to match. This two-fuced 
arrangement, while it supplies a double circumferential reaction with a given diameter, has the 
advantage of obliterating all mutual thrust on the working parts ; the centrifugal forces of the 
double set of vortices pressing wdth equal intensity on the two internal opposite faces of the rigid 


casing. 

As regards the second condition, theory suggests that, by contracting tho internal waterways, 
that is to say, the passages through tiio cells in the turbine and the casing, and intercepting the 
free vortical rotation, the moment of reaction due to a given speed of rototion could be greatly 
reduced. Experiments fully bear out this anticipation. Tho reaction with any given speed of 
turbine rotation can be reduced with a perfectly graduated progression, in any required ratio, down 
to l-14th ; the object being effected by advancing, from recesses in tlie casing, abreast of the two 
opposite quadrants in each turbine, a lunotte-sbapcKi sliding shutter of thin metal, so fitted as to 
be carried forward along the divisional plane between the turbine cells and the casing cells. I'he 
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intensity of the reootion is thus brought completely and easily under command ; and in virtue of it, 
it follows that the instrument, which, cm already stated, is capable of dealing with an engine of 
2000 horse-power making 90 revolutions a minute, is also capable of dealing with one of only 
840 horse-power making 120 revolutions a minute. As it happens that the reaction of the instru* 
ment varies as the square of its speed of rotation, and the horse-power delivered through it con- 
sequently varies as the cube of the speed of rotation, it follows that the same setting of the shutters 
which suits a given engine when working with its highest speed and power, will also approximately 
suit it when eased down to its lowest. 

It seems therefore that, alike os to the dimension of instrument suited to engines of very high 
power, and as to the adaptability of a given instrument to engines of greatly varied power, the 
requisite conditions are satisfactorily fulfilled. 

Having thus shown how the moment of rotation of the screw shaft is wholly communicated to 
the casing, which is to be dynamometrically prevented from rotating, and is thus to subject the engine 
to a restraint equivalent to that of obliging it to wind up a weight out of a well of indefinite depth, 
it remains to bo explained in detail how it is proposed to carry out the operation in dealing with 
any given ship. 

In order to render it easy to connect the instrument with any given screw shaft, the boss of 
the turbine must be bored put to a diameter considerably larger than that of the largest sluift to 



whicli it can have to be applic*d ; and, t*> fit it to a given shaft, an internal collar niu>t l)c prepared 
which will fit externally the interior of the turbine boss and internally the exterior of the scre-w 
shaft ; and a prope r key way will be rocjuired for each fittifig. The turlMiie thus mounted will run 
true on the screw shaft. 

The ship, before she leaves the dr»ck for the trial of lier machinery, will have tlic instrument 
mounted as described, in place of her screw. Fig. lOSU. The casing will bo provided with proper 


I0s7. 



flli^ "f being closed at will, to j^it the ogress of air and the ingress of water as the 

V*”! receive the moment of station delivered by 

tiie screw, and to commnuicate it to the recording apparatus. ^ 

If the moment to bo recorded is regarded as a product of two factors, force and leverage, of 
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which the one muBt vary inversely as the other, it is a question to be settled by considerations of 
convenience, whether the record shall take the shape of a largo force delivered at short leverage, or 


the reverse ; the force factor will prove inconveniently large, if taken account of at the circumferenoo 
of the casing, and it is desirable for several reasons that it 

should be obliged to develope itself at a leverage enlarged loss, 

to many times the radius of the casing. 

The assumed maximum which the instrument de- 
scribed was calculated to deal with, was stated to be 2000 
horse-power delivered at 90 revolutions a minute; and 
this, if taken account of at the circumference of tlie 
casing, say at 3 ft. from the centre of the screw shaft, 
would take the shape of a circumferential strain of 17 ’ 4 
tons, a force which will bear large reduction ; and it is 
proposed to effect this by the arrangement shown in Fig. 

1087, which by lengthening the leverage in the ratio of 
10 to 1, reduces tJie force in the same proportion. The 
lever here shown is a triangular combination, of which 
the diameter of the casing GO armed with proper pro- 
jections forms the base, while the two sides, the upper ono 
of which will be always in compression and the under 
ono always in tension, are a spar F and a wire rope G. 

When the screw shaft is rotating, the compression ainl 
tension of the sides will be 8*7 tons, and the downward 
force at the apex H of the triangle will be 1*74 tons 
or 3890 lb. 

Tlje lever will be fixed to the casing before the dock is 
filled, and its construction is such tliat it can be slewed 
and topped under the ship's quarter so as to swing clear 
of tlio dock walls. The ship thus fitted will be brought 
alongside some quay wall of one of the floating basins 
whore the recording apparatus R, Fig. 1086, will have been 
alr<‘ady placed, projecting a few feet over the wall, and 
carried on strong cantilevers or brackets; and she will 
bo secured head and stem so as to prevent fore-and-aft 
movement, and will be boomed off to a proper distance 
from the apparatus. 

1089 . 




Tho arrangoment of the dynamometrio apparatus presents no difficulty. The form shown in 
Figs. 1088 to 1090, has been carefully considered. In this, the downward pull delivered at K by the 
lever operates vertically on the middlo of a flat horizontal steel spring S S, which is supported at 
both Cuds ; and tho spring is so proiKirtioncd that its maximum deflection shall be about 1} in. 
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DifFcient springs would bo required for engines if of widely different power. InMcdiptely ^ 

spring will stand a light framework, carrying two independent typos of rerording g»r, tom oI 

wliioh will, however, be actuated by the upper end of one and the wme fwler or 

rod 1, Fig. 1089, which will convey to them the vortical eloBtioation of the middle point of the spring, 

on which point its foot rests. . , i -r w mon ,„.xw.T,j«rr 

Under one type the feeler will govern the position of an integrating wheel J, Fig. 1089, woricuig 
on tlio face of a rotating disc. The rotation of the disc will bo made proportionate to tliat ot tlio 



screw shaft, being conimunicatod by a telescopic universal jointed spindle L, Fig. 1087, which takes 
its motion from the shaft by bevel gearing. When there is no stress on the lever, and no deflection 
of the spring, the integrating wheel will ))e adjusted to touch the disc at its centre, and thus will 
receive no rotation, and its count will be zero, whatever be the speed of rotation of the disc. When 
the spring is straiucHi by the lever, the departure of the integrating wheel from the disc centre will 
be proportioned to the strain, and its rotation and its count will be the product of the strain and the 
rotation speed of the disc, or, in othi'r vrords, the profluct of the moment impressed by the screw 
shaft on the casing and the speed of the screw shaft ; that is, the work done by the shaft. 

With another type, t)ie duty of the feeler I, Fig. 1089, is to actuate tlie liorizontal arm of a light 
bell crank M, the vertical arm of wliich, by means of a long horizontal connoi-ting rod N, carries 
a pen freely along a horizontal straight line, while a sheet of c/>ntiniious paper V is independently 
moved under the }»en across the lino of its travel. The motion of the paper, like that of tlie rotating 
disc, will be derived from the rotation of the screw shaft. A stationary com|>auiou pen will trace 
on the paper a straight lino us a recorvl of that which the moving pen would trace if tlio spring 
remained unstrained, and will servo as a zero of force. The moving pen will trace a diagram, tho 
ordinate of which is at each instant a measure of the strain on tlie spring, and the area of which, 
like the count of the integrating wheel, is the product of tho moment on the casing aud tho speed 
of the screw shaft ; or tlie work delivered by the screw shaft. 

In order that the intlications of the jiointer may represent with strict accuracy the elnstications 
of the spring, aud nothing else, the light framework T, Fig. 1089, which carries the integrating 
apparatus, and serves as the gauge from which tho deflcctioiis of the spring are measured, will have 
its footing, not on the main frame, but on tho spring itself immediately over its points of KUp{Mirt. 
Thus, as tho light fraiue^vork T is itself subject t<^ no strain, and may be made extremely rigid, 
the apparatus will precisely record the motions of the spring alone, however the main frame may 
be strained. 

The connections of tho dynamometer spring, with its framework and hiver, arc all arranged with 
mechanical details, such as to eliminate tho effects of oblique stress, should any be introduced, by 
slight motions of the ship. 

While a dynamoiiKdric trial is in progress, a scries of indicator diagrams should bo taken at 
short intervals of time; a comparison Ixjtwec^n the imlicated horso-jxiwer as determined by these, 
and the delivered horse-ixiwer as determined by tho dynamometer, would show how much jiower is 
wasted in the working of the machinery between the cylinders and tho end of the screw shaft. Tho 
waste thus measured vrould be on precisely the same footing as that which would subsist while tho 
engines were prop<illing tho ship under the same indicated horso-powor, except us regards two 
particulars ; the friction duo to the thrust of the screw ; the differoncjc of friction in tho bonrings 
which carry the screw shaft, between that due to the weight of the screw on the ono hand, and on 
tho other to the weight of the turbine and casing substituU^d for the screw, cfuipled with the side 
strain of the lover, which, whatever it be, is a lifting strain tending to diminish the effective weight 
of the turbine and casing just mentioned. It will not be difficult to apply a calculated correction to 
the effect of both these circumstances. 

It is suiKjrfluous to rcjcapitulate in detail the advantages which could be derived from the system 
of subjecting marine engines to dynamometric trial. The ehiiff difficulties wliich arisci are that tho 
speed attained by a given ship, driven by a given indicated horse-power, fails to measure discrirni- 
natoly the merits of the ship ; no means exist of ascertaining which type of engine delivers tho 
largest proijortion of the power that it indicates; no test exists by which it is jiossiblo to measure 
concisely the siKjcific constructional merit of this or that engine, or to determine the relative con- 
structional merit of the engines supplied by different firms. 
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The dynamometric test would remove at onoo each of these diffioulties, by substituting a final 
and real tost for a collateral and to a large extent a delusive one. For to rely exclusively on the 
test furnished by the indicator is almost equivalent to testing the power of a horse solely by 
the quantity of food he consumes and digests, or the efficiency of a boiler solely by the quantity of 
coal an hour it will legitimately consume on its firebars. 

To trace the dynamic actions which are correlative to the internal fluid motions of this marine 
dynamometer, it will be convenient to recur to the notion of the discs of water, and to regard the 
channel as virtually straight and of unlimited length. 

Kemembering tnat the cross section of the channel is elliptical, each of these vortex discs may be 
assumed to be subdivided by a series of quasi-elliptical layers or skins, laid conformably to the inner 
surface of the channel, and obliquely intersected by a series of planes laid parallel to the diaphragms ; 
and these surfaces to be rigid but without thickness, and frictionless. 

Then the spaces between every pair of diaphragms in the turbine, as well as those in the casing, 
would be regarded as completely occupied by a honeycomb system of pipes, of paraUelogrum section, 
and of a semicircular outline when referred to the planes of the diaphragms. 

When the turbine is at rest, each of the imaginary pipes may be regarded as capable of carrying 
a complete circular ring of water, flowing round this single circuit, with uniform speed. When the 
turbine is in motion, it is not delivering back its water into the reverse of the counterpart of the 
turbine-pipe from which it was received, thus forming an inflependont ring, but the water reccivc;d 
from one pipe, is presently discharged into the mouth of some other, with which it happens to bo 
brought into connection by the motion of the turbine. 

Let the speed of the turbine and that of the flow relatively to the pipes be respectively repre- 
sented by two geometric comiioiients, then the compound speed of the particles, that is, their actual 
speed in space as they issue from the turbiiie pipes, is shown by the resultant. It will be convenient 
to call the speed and direction of the streams as indicated by the component, their established 
speed, and established direction ; and as indicated by the resultant, their augmented or coinfiound 
speed and compound direction. These speeds will subsequently bo denoted by the letters V, and 
r„ respectively. 

It is obvious that, measured relatively to their com];>ound direction, the streams all Ihmjoiiio 
diminished in width or in sectional area, precisely as their speed is augmented; anel again, that on 
entering the stationary i)iix)8, the streams are obliged to resume at once their established direction 
and their established speed. 

The loss of speed is of necessity accompanied by an exaltation of pressure in the mouths of the 
recipient pif)Os, and the enforced change in direction of flow, involves a definite forward force on tlio 
sides of the recipient pipes which cause's the <leflection. This local augmentation of pressure, being 
satisfied in one direction, by the retardation it imposes on the particles which are approaching it 
from behind, satisfies itself in the other direction by acting as a definite force, urging forward the 
flow of the streams, and maintaining their speed iu spite of frictional resistance ; and constitutes 
what has been termed the potential. 

The problem, reduced to its essential features, may bo stated as follows. A stream with the 
speed Vf in feet a second, which corresponds with what has been tenned the augmented spewed, and 
under zero pressure or atmospheric pressure, enters a be|^t pij>e, with a definite direction and com. 
pletely filling the idpo entrance ; in passing an enlargement in the pipe it nssume.s the roductid 
speed which corresponds with what lias Ux'n termed the established speed, and which is less than 
tJj in the inverse ratio of the pipe areas at the two positions ; and flowing with that recluceil speed 
tlirough the enlarged pi|)e and experiencing frictional re&istance iu its flow, it issues in a direction 
diflerent from that in w^hicdi it entered and having again assumed the atmositheric pressure. The 
quoatious to bo answered are, What external or displacing force does the stream exert on the pijio, 
and into what internal force tending to overcome the friction of the flow, is the suj>prcs8ed sjxjed, 
’of transmuted? The two bmnehes of the question may be answered independently. 


^ As regards the external or displacing force, each end of the stream will exert an appro- 
priate push on the pipe, that at the entrance forwards and at the outlet backw'ards. If W 

bo the weight in lb. of water passing a second, the respective equivalent forces arc ~ 


; the total displacing force oxperionoed by the pipe being the resultant of these two 
forces. 


As regards the internal propulsive force, or potential, which maintains the speed of flow in spito 
of friction, it is well known that if the pressure of the water on each unit area be zero at the point of 
greatest contraction and of highest speed, say and that if Pj be the pressure due to, or which 
would generate, a flow of that speed, then where the stream has become enlarged so that its six?c<l 
is reduced to zero, tbo water will have assurneti the pressure Pj. If, however, the enlargement Ixs 
only such that tho speed is reduced, not to zero, but to the pressure will have increased, not 
to Pp but to a pressure, say P, which falls short of Pj by the pressure, say P^, due to tho 


reduced speed and bearing to Pj tho ratio of r,® to r,*, in fact = , so that P = Pj = Po = P 


^I — . Now, as tho water will have resumed the zero pressure on reaching tho outlet, tho 

potential is tho pressure P acting on the whole sectional area of tho pipe as enlarged from Uj to a© ; 
and F =Pa. = P,(l = ^)<... 

A provisional solution is attainable, in relation to any given layer of streams, at a given distance 
from the vortex-oontro, by assigning an arbitrary value to tho friction, assuming it to be approxi- 
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matoly as the square of the speed of flow, so that F = r — (V* + 2 V**® wn. where )8o 
* ^9 0 

angle made by the component. 

Now F is repeated twice in each complete circuit round the cliannel, once at the passage from 
the turbine pipe to the casing pipe, and once the reverse way. So that, for the complete potential 

W 

due to tlie circuit, we may put F' = ^ (V® 4* 2 V*® sin. ^8®). 

Those two equations establish a coherence and consistency in the solution as follows. The whole 
work or energy employed in driving the turbine must go either into the acceleration of the streams 
before the stea<iy flow is established, coupled with the work of friction duo to the existing flow ; or 
ultimately into work of friction simply ; and in cither case the work done by tlie potential U))ou 
acceleration and friction should equal the work dono in driving tho turbine, and tho comparison is 
now easily made. 

Calling the work a second, in driving the turbine, 

u ♦ = ♦ V = y (V* + 2 Vr, sin. 

Calli?ig tlie work done by the potential, Up. 

Ur = F'r, = y (V» + 2 V»„ sin. 3.). 

The two values are, ns they ought to be, identical. But further, by nssiiming a coefficient of 
fluid friction, of tho form = / r®, the relation Ls established which will subsist between V and when 
the frictirm has become equal to tiie potential. 

In this case 

= F' = ^ (V-* + 2 Vt>, sin. P.), 

9^0 

the solution of which, observing that W = is 


v_ / af 


V 

60 that in any given pjpe ~ is constant. 


+ 


sin, *;3y — sin. jSy, 


(:0 


From this it follows that, if each of the imaginary pipes had real sides by which tho friction 
operated, tho speed of flow cfmld be dofliiod at the varirms disbincos from tlui vortex centre. For 
suppose tlie girth of eacii pii>e to be tho same, say 4, then its length would l»e as its distance 
centre, sny I — 2 ir r ; and substituting for / x 2ir r k f being Ihc co-cllicieut of frictiou 

for unit aiea at unit speed, 



2ii»r Trr kt) 
wa^ 


+ sin. ” ^0 — iSy, 


Bo that the speed in each pipe would be an inverse function of its distance from the vortex centre. 

In explanation of what had been spoken of as tho power of current growth in tho cells of tho 
dynamometer, suppose a jet of water w’ertj issuing from a nozzle with a velocity of. 10 ft. a second, 
and that it were caught by a fixed bent tube of the same bore tis the jet, and bent to a semicircle ; 
then the water would evidently enter the bent tube with a velocity of 10 ft. a second, and he dis- 
charged with tho same velocity, while in passing round the bond it would in virtue of centrifugal 
force exert a pre.ssure tending to move the bond away from the j(d. Now supposing the l)cnt tube, 
instead of being fixed, were made to move at the rate of 1 ft. a secf)nd, or to approacli tho issuing 
jet at that speed ; then the water, instead of entering tho bend at 10 ft. a second, would enter it at 
11 ft, a second relatively to the bend, and , would pass round the bend at this velocity, finally 
escaping with a velocity of 1 1 ft. a second relatively to tho bend, but of 12 ft. a second relatively to any 
fixed point. Thus, a forward motion of the bend at tho rate of 1 ft. a second would n^siilt in oexjeh - 
ratiiig the current of wate-r at tho overflow by 2 ft. a second. If, now, the issuing water entered a 
fixed seinicircular bend, it w'ould traverse this bend at 12 ft. a second, luid on issuing from this fix<*d 
bend at 12 ft. a second might be further accelerated by being passe<l through a second moving boinl ; 
and so on, assuming that no frictional or other robistances existed. The moving bend in this 
illustration might be considered to represent one of the half-cells in tho turbine or moving portion 
of the dynaraorneh r ; and owing to the oblique position of the dividing diaphragms, tho haif-o<dls in 
the rotating turbine might be considered to be constantly approaching those in tho fixed casing, so 
that the water on its discharge from the casing cells into tho turbine cells underwent an accelera- 
tion which became continually augmented, until the frictional resistance encountered in traversing 
the cells was equal to the speed-producing powesr. The resistance to tho rotation of tho turbine 
consisted in the resultant, in the place of r(»tation, of the centrifugal force exerted by tho current 
when traversing the curved contour of the colls in the turbine; this resistance, of course, is equal to 
tho force exerted in the opposite direction upon the cells of tho fixed casing. 

ELECTRICAL ENGINEERING. 

The principal forms of batteries used in electrical engineering will be found described at page 226 
of this Dictionary. Very minor improvements have been made in this branch of electrical science, if 
there be exceptetl Byrne’s compound-plate battery which is specially known as tho pneumatic battery. 
The chief feature of this baite^ry consists in the negative plate, which, instead of being of one material, 
is constructed of three metals soldered together. The surface exposed to the exciting solution and 
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opposed to the jpoBitivo or zino plate, is platinum, P, Fig. 1091, backed by and soldered to a plate of 
sheet lead L. Behind this lead is a plate of copper O' backed iW another sheet of lead^ or fold of the 
first lead plate doubled on to the back of the copper. The outside or back surface of this second layer 
of lead is coated with asphaltum Tarnish a. Fig, 1091 is a vertical cross section of the compound 
negative plate in which the thickness of its lamliise are exaggerated in order to show its construction. 
The copper plate O' is completely enveloped by the lead L, both with regard to its face and edges, 
so that the copper core is in no way exposed to the exciting solution of the battery. The total 
thickness of the compound plate does 

not exceed one-eighth of an inch ; the looi. 1092 . 1093 . 

lead weighs 8 oz. to the square foot, q — 

and tho thickness of the platinum P 
is one two-thousandth of an inch. 

Each cell contains a central zinc plate 
Z, Fig. 1092, placed between two of 
the compound plates described, C C, 

Fig. 1093, the disposition of tlio 
plah's being similar to that adopted 
in Wollaston’s battery. 

The exciting solution is similar 
to that used in the ordinary bichro- 
mate or Poggendorff battery, 5 oz. of 
potassium bichromate dissolved in M 

5 pints of iKuliug water, to which 

is slowly added, when cold, 1 pint strong sulphuric acid. In tho pneumatic form of the com- 
pound-plato battery, the exciting solution is kept in a slate of mechanical ngitation, Ijy air being 
pumped into the cells through an ebonite tube, leading from each coll-c^>v('r to the bottom of the 
cell, wliero it turns at right angles, so os to lie in a horizontal position underneath and in a line 
with the central zinc plate, and be- 
tween the compound plates. Tho 1094 . 

horizontal portion of this tube is per- - 

foraied by two rows of small holes, 
one on each side of the middle lino 
of its upper surface, and through 
these holes, when tho apparatus is in 
action, jets of air are injecto<l into tho 
cell, which, rising in tho form of 
bubbles between the plates, keeps tho 
solution in violent agitation, washing 
off from the plates bubbles of liydro- 
gcii which otherwise would collect, 
and insuring frcsli fluid being con- 
linually brought into contact with the 
plates. Tho air tube, Fig. 1092, ter- 
uiiiiates alx)ve the cover in a nozzle, 1 
to which is attached a vulcanizcnl 
tube leading to a small hand syringe 
or bellows. Pumping in air has the 
effect of increasing the strength of 
the current, at the same time causes 

the ttnuperature of tho cell to be greatly raised, so that if the action bo continued sulTieieully long 
the solution will commence to lK)il. 


m 


Fig. 1094 is a battery of four cells covered by an ebonite plate, from wliich are suspended the 
plates, and to which arc attached the exterior terminals and commutators, llislng from tlie t‘dges 
of the box containing tho battery are two vertical pillars, supporting a horizontal cross piece, 
through tho middle o7 which passes a verticiU rod, sfi that tho ebonite cover-plate may be raised, 
and the plates lifted out of the solution. TIio apparatus is contained in a box measuring 7 in, by 
4 in., by G in. deep. It is Ciiiwiblc, when air has boon pumped in, of illuminating a small elc'ctric 
lamp, and of heating 8 in. ot‘ platinum wire to incaudesconce. There is but slight heating effect 
upon tho }>latinum wire before air is admitted, but as tho bellows aro worked, the tempenilure of 
the wire rapidly rises to a brilliant red heat, and cools when the air injection is cut off. 

Tho cauterizing apparatus is a surgical instrument, constructed of some insulating material, and 
carrying at its extremity either a loop, or a straight piece of platinum in the form of wire or of a 
flat baud, according to tho rocpiiremeuts of the case, wliich, by being brought into tho circuit of the 
battery by means of insulated oouduotors passing down the stem of the instrument, can bo made 
white hot, and the cauterizing operation performed. 

liiirgcr forms of apparatus for showing more powerful effects consist of ten colls, and when air 
is pumped in wiU heat to incandosoenoe 30 in. of stout platinum wire, and decompose acidulated 
water at the rate of protlucing 16 cub. in. of gas a minute. This battery charges to its fullest 
extent an induction coil, giving sjiarks in air 18 in. in length while air is pumped in, falling to 8 in, 
when tho air supply is removed. 

A modification of Byrne’s compound-plate battery for driving machines by means of electro- 
magnetic engines, or for electro-nluting and other chemical applications, is the Motor battery by the 
same inventor. In Uio Motor oattery tiiere are but two plates to each cell, one compound plate 
and one of zino, and the exciting solution employed is sulphuric acid diluted with nine times its 
bulk of water. As there is no occasion for the blowing apparatus, the platinum face of tho com- 
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pound plate is platinized, adherent hydrogen being thus got rid of. Byme states that eight cells of 
thia lottery are sufficient to drive a Singer sewing machine. 

For plating purpo^ four cells of Byrne’s Motor battery, containing plates of 20sq. in. of surface, 
measuring 5 in. by 4 in., is more effective than six oells of Smee’s battery, with plates having a 
surface of 60 sq. in. 

Simultaneous Transmission , — When J. B. Stearns, of Boston, oommenood his experiments in 
simultaneous transmission in 1868, very little was known in America respecting the previous labours 
of European electricians. Stearns improved on the Siomens-Halske motliod ; that which had 
given the best results in practice. During 1872 improvements were added to Stearns’s system 
wiiich led to its immediate adoption upon many of the most important lines in the United States. 
The general principle of Stearns’s apparatus does not differ materially from that of Frischen. In 
Fig. 1095 the key is replaced by a transmitter T, which is controlled by a key K, a local battery 
and an electro-magnet t. The principal object in introducing this moaification was to adapt the 
system to the use of the American operator, who is accustomed to hearing the accompaniment of 
his own sounder when transmitting. The transmitter acts upon exactly the sumo principle as 
Nystrom’s key, the contact of tlie battery with the line being made before the contact between the 
lattei^ and the earth is interrupted. The resistance X in the urtiilcial line is made equal to that of 
the main lino. When the key K is depressed, the circuit of the local battery is closed, the electro- 
magnet t attracts its armature, operating the transmitter T, which first makes contact at a, and 
almost at the same instant lifts the contact lever, which is pivoted, and breaks contact at c. 
The current from battery B now goes by way of tlic transmitter T, and thence through a and 6 to 
the point df where it divides into two equal portions, one going through the right-hand coil of the 
differential relay R to the line L, and thence to the earth at the distant stiition, and the other by 
way of the left-hand coil of the relay through the rheostat X, and thence directly to the earth. As 
these two branches or divisions of the current are equal and opposite in their effects upon the relay 
B, it will not respond. The incoming currents from the distant station, on the contrary, pass only 
through the right-hand coil of the relay R, and thence find their way from d to the earth by way of 
c and X, or else by a, T, B and y, the route depending upon the position of the transmitter. Tho 
resistance y is termed the spark coil, and is only required when a battery of small internal resistance 
is used, in which case tho spark caused by tho momentary shorty circuiting of the battery at 
a c would otherwise cause some embarrassment. The resistance x is made equal to the resistance 
of the battery, added to that of the spark coil in case the latter is used, and thus the incoming cur- 
rent always meets with exactly the same resistance, irrespective of tho route by which it passes from 
the point d to tho earth at E. 

The dmgram Fig. 1096, represents the arrangement at a terminal office. The contifiuous lines 
represent the main wires, and the dotted lines the local wires. K K’ arc keys in a local circuit 
which operates tho transmitter T. L L' are local 
batteries. M is a main battery, G. earth, S, common 
Morse sounder ; R h, rheostat ; C, condenser ; R, duplex 
relay ; 1 1' are binding jxjsts connected with the adjust- 
able resistance coils ; r r' are tho terminals of small 
resistance coils, used for maintaining an equal resistance 
when line is to earth through battery, or to earth direct. 

The plugs in tho resistance coils must be removed until 
the resistance of tlie coils equals the resistance of tho 
line. When they are equal, the armature of the relay 
will not be affected by the working of the transmitting 
sounder. The object of the condenser is to receive a 
charge from the main battery equal to that entering the 
line, which charge being returned through the relay coil 
connected with the rheostat, at the same time that the 
line returns its charge through tho other coil, neutralizes 
its effect upon the armature. The small resistance coils 
represented in Fig. 1096, as being enclosed in the box 
containing rheostat Hhj at r and r', are gAcrally en- 
closed in separate boxes. 

Fig. 1097 is a diagram of the connections representing 
a terminal station A, and an intermediate station C, on 
M. G. Farmer’s duplex system, of which there may bo 
any required number. It is only necessary to describe 
the arrangement at the terminal station A. Tho relay is provided with two coils, r and r„ which 
are so wound as to assist instead of opposing each other, as in Frischen’s plan. Tho coil r, exm- 
tains about twice as many convolutions of wire as the coil r, or it may be otherwise arranged ; 
tho object being that with a given current the coil r, shall exert twice the magnetic effect upon 
tho relay that the coil r does. The line wire which enters the station is divided into two branches 
at K, one brancli going directly to the earth by way of 2 and 1, passing through tho coil r„ and tho 
other by way of K, 3 and 4, passing through the coil r. For transferring tho incoming current 
from one of these branches to the other. Farmer employed a continuity preserving key K A upon the 
same principle os that used by Nystrom in 1855. When tho apparatus is in a position of rest, tho 
route of the incoming current is by way of 2, r, and 1 to tho earth at E. If the key K is 
depressed, the circuit of the main battery is closed, by tho contact of its roar end with tho supple- 
mentary contact lever A, which is at the same time lifted from tho point 2. The outgoing current 
now passes through the c^il r of the relay at tho homo station, and through the coil r, at tho dis- 
tant station. As the coil r, produces quite as great a magnetic effect upon tho relay R as the coil 
r, it is easy to so adjust the respective relays that tho distant one shall attract its armature, while 
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tliftt at the homo station remains unaffected. When both keys are depressed, the circuit is through 
the coil r at each station, but the effect upon each relay is doubled, because the line is traversed 
by the combined current of two batteries. In order to render it certain that the receiving instru- 
ment at the home station should remain unaffected by the outgoing current, Farmer made use 
of the device employed by Gintl in 1855 ; an adjustable rheostat X placed in a branch circuit or 

1096. 



shunt passing around the receiving instrument, by which means so much of the outgoing current 
can be made to pass through the shunt, tliat the remaining portion will not bo sufficient to produce 
any effect upon the receiving instrument. 

The method of inserting any re^piired number of intermediate stations, devised by Farmer in 
connection witli this invention, is represcntiHl at C, in Fig. 1097. Tlie only variation from the ordi- 
nary arrangement of a terminal 8tati(m consists in connecting the line wire running in one direction 
in the place of the earth wire. When the key is depressed at the intermediate station, the relays 
of l)oth terminal stations respond, as the battery current traverses the entire lino. This arrango- 
moiit is of course applicable to any other similar method. 
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The diagram. Fig, 1098, illustrates tho principle of another method by Farmer. The key K, 
when dopresseil simultaneously lifts three separate contact levers A*, The contact levers 

and are so connected with tlie main battery B, lino wire L, and earth E, that the depression of 
tho key has the effect of interctiangiiig the xkjIos of the main battery, with rosp^t to tlie line 
and earth wires, or in other words, of reversing the current upon the lino. This r<^ersal is 
effected without at any time interrupting the continuity of the main circuit. The relay R is con- 
structed with two separate coils, r, and the former being includeil in the mam circuit, between 
the key and tho earth, and tho lattt'T in the circuit of a local or equating battery ^ 6, by the 
contact lever k, whenever the key is depressed, at the same instant that the battery is reversed 
upon the main line. The cores of tho two coils of the relay are provided with bevmled pole piows, 
which are so arranged that they act as armatures to each other. Tho core of r, is fixed, while that 
of r, turns upon its axis, the arm r which opens and closes the local circuit of the register or 
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Bounder, being attached rigidly. When the poles of the two ma^ets and r, attract each other, 
the arm r is pressed against the stop p, ana the local circuit is closed, but when the attraction 
censes, or is succeeded by a repulsive action, the spiral spring acts, drawing down tlie arm r 
opening the local circuit. The action of the apparatus is as follows, — The main batteries B at 
the two terminal stations are preferably arranged with their negative poles to the line, as shown 
in Fig 1098. In the normal position of the apparatus these neutralize each other, and there is no 
attraction between the poles of Uie magnets r, and of the relay R. If now the^ key K is 
depressed, the battery B at the home station is reversed ; its polarity then ^incides with that of 
the battery at the distant station, and the combined current of both batteries traverses tlie line, 
pro<lucing a corresponding magnetic effect in Ihe coil r, : at the same instant tho equating circuit 
is closed at k, and the current of tho equating battery ft, traverses tho otlier coil r,, giving it an 
equal and opposite magnetic polarity, in consequence of which tho homo reday is unaffeoted by tho 
depression of tho key at the some station. When tho key at the remote station is depressed, and 
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the home key is not, the relay responds because the equating current is absent in the coil r,. If 
tho liomo key be depressed, the depression of the distant key causes the main batteries to o])j) 08 o 
each other, in which case tlio signal at each station is given by tho action of its own equating 
luittery. By an obvious modification of this plan, the equating circuit might bo taken from tlie 
main Ijattery B, dispeuaing with the special battery. In Farmer’s nrrungement, the continuity of 
the main circuit is never interrupted, and tho resistance of the circuit remains the same, woat- 
ever may be the position of the key. 

Fig. 1099 is of the principle of W. H. Preece’s method. Its characteristic consists in the balance 
upon the relay of the homo station l>eing effected, not by two branch currents of the same batter}^, 
but by the entire current in one direction, and a branch of the entire current coming from the other 
direction. If the relay R of Fig. 1099 is wound with two separate and equal wires, and the branch 
line c W a disconne cted, then any current sent to lino by the depression of the key T, or any 
incoming current from the lino L, passing to the cartli through the back contact 3 of the key, 
would have no effect upon the armature of the relay. If the branch cW a be connected, having a 
resistance equal to that of the line L beyond the point c, and tho key T bts depressed, the entire 
current of the battery B would pass through the left-hand coil of tho relay, while only one-half of 
it would pass from the point c to line through the opposing coil, the remainder going to earth by 
way of c W a. On the contrary nn incoming current would also divide at c in the inverse propor- 
tion of tho resistance c Y a and c W a, and the portion piissing by way of V would nearly counteract 
tlic effect of the undivided current in the other coil. The problem is to weaken as much ns 
ix)ssible, the effect of the undivided current in the left-hand coil of the relay at the sending station, 
together with that of the arriving current in the same coil, which tends to prevent the relay from 
giving signals by counteracting the effect of the other coil. In practice this result is effected by 
the use of a Siemens polarized relay, the wire a W c being connected at a point c, between the two 
coils, which are so wound as to oppose each other, when a current is sent through them conse- 
cutively iji the ordinary manner. With tliis arrangomonf, it is only necessary to remove tho 
adjustable pole-piece of tho left-hand coil, to a greater distance from tho armature than the right- 
Imnd one to effect a balance, so that tho relay will respond to incoming currents, but will not bo 
affected by outgoing currents. 

Fig. 1100 is a complete plan of tho arrangement of Frischen’s system at both stations, dis- 
tinguished by the letters A and B. The main batteries L B at each station are placed with their 
positive poles to the line, and the negative pules to tho earth. R and R* are Ihe receiving relays, 
each wound with two separate coils. The rheostat, W or W*, in the artificial lino at each station, 
must be so adjusted ns to make its resistance exactly equal to that of the lino A B, added to that 
of one w ire of tho relay at the distant station. If the key at station A is depressed, the current from 
the main battery L B will divide at the point 3, one iK>rtion going by way of 4 and 6 to the lino, 
passing through one coil of the relay, thence from the line through one coil of the relay at the 
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distant station B, by way VI. and IV. thence by III. and II. to the key lever at 6', back contact 
o' and wire XI., to the earth, the other portion going from 3, in an opi)osito direction, througli 
the home relay by way of 7, 8, rheostat W, and wires 9, 10 to the earth. These two branches of 
the current will be equal to each otlier, and will produce no effect upon the relay at A for that 
reason. The relay at B, on the other hand, will be affected by the current coming from A, and 
will respond to the movement of the key at the latter station. 

1100. 




If now the key at B be also depressed, one half of the battery current tends to go to the lino, 
but as it meets the current from A of opposing polarity, the cum*nt in tlio main line is neutralized 
or becf)me8 nil. Tlie current in the artificial line at each station being no longer opposed by the 
lino current, will o^rate the respective relays, and the signals given will correspoiid to the length 
of time the key is tuq>resscd at the opposite station. Thus each station receives its signal through 
the action of the distant buttery only. 

A third ]x>sition occurs when one of the sending keys, for instance, at B, is in the act of 
changing from the r<*ar contact c' to its front contact a\ in which case the current from A is 
interrupted at b\ and is, therefore, forced to pass through the second coil of the rela}’, but this time 
in the 8am(' directi(»n, and thence through the rheostat \V' to the earth. The current arriving at B 
is weakened one- half inconsequence of the additional resistance encountered at W', but this is com- 
]x;nBatod for by its passing through both coils of the relay at B, in the same direction, and its total 
effect upon the relay is not lesscnetl. The difficulty in this connection arises from the fact that when 
the current nt the receiving station is thus momentarily matie to traverse botli coils of the relay, 
together with the rheostat, it necessarily causes an unequal division of the current between the two 
opjiosing relay coils at the sending stations, as the resistance of the main line becomes about double 
tnat of the artificial line, and thus the sender’s relay is affected. As this occurs always either at 
the l>eginning or iho end of a signal, no actual inconvenience is experienced, except possibly when 
the transmission is unusually rafud. A peculiarity of this, in common with many other methods 
of simultaneous double transmission in opposite directions, consists in the fact that it may be 
operated with equal facility, when the main lotteries are arranged with agreeing instead of opposing 
poles. 

Fig. 1101 is of Steam’s bridge duplex. H, A, B represent the apparatus at either end. In 
this diagram the line L constitutes one side of the balance, the resistance coil or rheostat B, the 
opposite side, while the other two sides «re formed by two branch circuits A and B. The receiving 
instrument is placed in the bridge between F and G. Tlie two branch circuits unite at H, and are 
connected by a wire to the lever I of key K. When the knob of the key is depressed, a current is 
sent along the wire to H and there branches, a portion passing through resistance coils A to line 
Ij, and a portion tlirough resistance coils B and R to the earth. 

If the resistance of the branch A boars the same proportion to that of as the rrsistance of B 
bears to R, then no currents will pass through the relay. W’'hen a current from the distant station 
is sent to line, a portion of it passes through the receiving instrument in the bridge, for, at the point 
F it finds two paths to pursue> one through the resistance A to the lever /, and small resistance v or 
w and battery to the earth, and the other through the relay and coils B and R to earth. 

The key K isso arranged that tlie line is always connected to the earth, either through the back 
contact direct, or trough the front contact and battery : v and «? aro small resistances, placed in the 
circuits to prevent the battery being put even momentarily on short circuit, and also for the purpose 
of maintfiining a uniform resistance in the circuit when the lino is connected to earth direct, or 
through the battery. O is a condenser, for compensating the static char^ from the line, and is 
attached by a wire to a brass plate 0 P, on the rheostat R, wliieh is provided with pings for con- 
necting it with the resistance coil plates, by which the condenser charge can be sent through any 
portion of the resistaiice ooils as desired. The method suggested by Frischen, in 1863, in which 
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ho proposed to employ differontial polarized receiving instrumonts, and arrange the key so as to 
send reversals, has been adapted to Stearns’s apparatus in England. Fig. 1102 is the arrangement 
of the apparatus. The key is provided v^ith a switch, so that the battery may be disoounected 
when not required for working. A differential galvanometer G is employed for convenience in 
balancing the resistances with accuracy. The rheostat coils B arc arranged in a circle, and contact 

1101 . 



is made by moans of two arms resembling the hands of a watch, one of which is connected to the 
higher and the other to the lower resistances. A series of retardation coils connect B with the 
condenser C, so that its return discharge may bo graduated to correspond with that from the lino. 
B" is a Siemens polarized relay with differential helices ; Ij lino, E earth, U S the up station, D B 
the down station. 



In Smith 8 olectro-mochaBical method, Fir. 1103, M is the receiving relay, which operates tlie 
sounder 8 in the usual manner by means of the local battery I. The nrmatnro lever A of the relay 
turns on on axle at a, and plays between the front and bock contact stops 6 and c D is a contort 
lever having its Worum at d. When the transmitter T is in its position of rest, its projecting arm t 

D ie drown against it, by tlie tension of the ndjustol.le spiral 
raring s, and is, therefor^ in cloctncal contort; but when the armature of the transmitter is 
‘ lever p falls back, by the tension of its spring *. 4?ainrt 

the projecting step a, rt the relay armature A. The connections arc nrmngcxl as follows One pole 
of the mam battery E is connected to the fulcrum a of the relay ormato A, and the other ^le 
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to earth at G. The fulomm of the transmitter T is also connected to earth, a spark coil r being 
inserted, equal in resistance to the battery in the usual manner. The line L goes first to the 
helices of the relay M, and thence to the fulcrum d of the contact lever D, The transmitter T may 
be worked directly by band in the same manner os an ordinary key, but it is preferable to arrange 
it in the ordinary way with a local magnet m and key K. 



The diagram represents the normal position of the apparatus when not in use. The armature 
spring Sj is adjusted to correspond to the incoming currents. When the home station has its key K 
open, the relay and sounder respond to the writing of the distant operator. TJie currents entering 
at L ptiss thrf>ugh the relay M, and thence find tlieir way to the earth by way of the contact lever 
1), transmitter T, and spark coil r. The upper spring 5 is so adju8h*d that when acting in conjunc- 
tion with the spring tlieir cx)mbmed pull will hold the armature lever A in its back stop c, with 
sufficient force to withstand the attraction produced in the relay magnet M by the action of the 
main battery E, either at the home or the distant station alone, but the combined effect of the two 
batteries, when both of them are in circuit at the same time, will he sufficient to overcome the com- 
bined tension of the springs without difficulty. When tlie armature of the transmitter T at the 
home station is depressed, the arm t is drawn back ; and the spring s pulls the contact lever D 
against the stop of tho armuturo lever A, which connects the main battery E to the line through 
the home relay M, but at tho same time the combined tension of the two springs s and «, is exerted 
to prevent the armature from re8|K>nding. If the distant key is depressed, and the battery of tho 
distant station also placed in circuit, the tension of both springs is overcome, the armature A 
rcs]X)ud8 to the increased attraction of the magnet M, and closes its local circuit at 6, thus recording 
tho signal from tho distant station. It is necessary that the main batteries should be placed with 
unlike iwles towards each other, as in the ordinary closed circuit system. 

Fig. 1104 is of Winter’s methoil. A and B represent the two terminal stations; I is tlje 
line between them. At each station i is the receiving instrument, k key, h battery, c the earth 
connection, and r a resistance coil. Suppose one- tenth of tho wire of the instrument is between 
and r and nine-tenths between h and I ; let the resistance r be nine-tenths that of the line, and 
let the insulation of tho line be supposed perfect. If, now, tho key at A is depressed, the battery 
h is on short circuit through tho resistance and one- tenth of tlie instrument. The current from 
tlie battery at B flows through tho whole of tho instrument at B, tho whole of the line wire and 
nine-tenths of the instrument at A. Its action upon the instrument at A is antagonistic to that of 
tlio battery acting locall v at that station, and it has to go through al)Out nine times the resistance ; it 
has only about ono-iiinth of the strength of tho current of the battery on short circuit at A, but as 
it has nine times as many convolutions of the instrument wii'e to puss through, the actions are 
just balanced, and the instrument at A is unaffected. At B, however, it is evident that the battery 
acts on the whole of tho coil of tho instrument, and produces a signal accordingly, which is only 
slightly weakened by the insertion of tho rt sistance r. When B communicates with A, matters 
are simply reversed. When both keys are depressed at once, the battery at each station acts 
locally, and tho action on each instrument is only about ono-tenth less than tho action of the 
whole of the battery when, after traversing tho^ line, it acts upon the whole of the coil of the 
instrument as in single sending. 

With another but less effective method by the same inventor. Fig. 1105, the key, instead of 
being connected to a point in the wdro in the interior of tho instrument ooil, is joined to a point in 
a resistance s acting as a shunt on the receiving instrument, much nearer to the battery end of tho 
shunt than the line end. A suitable proportion between the resistance s and the instrument coils is 
4 or 5 to 1. The point where tho key is oonueoted may, if required, be made adjustable by means 
of a sliding contact. Both tho above arrangements can be applied to intermediate instruments very 
simply, by making the point where the key is connected nearer to the middle of the instrument coil 
in the first arrangement, and of the shunt in the second method. The intermediate stations can 
then communicate with each otlier, or tlie terminal stations, in duplex, and without batteries. 

The effect of the static induction of the line in the opposed battery system is as follows • 
When both keys are in their normal position, the potential of the whole line is raised or lowered by 
the opposing batteries above or below that of the earth, and the line will in consequence hold a 
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charge which will depend for its quantity upon the inductive capacity of the lino. When either of 
the keys is depressed, the potential of the circuit at that ()oint will be the same as that of the earth, 
and half the charge of the line will flow out through the line coil of the instrument. In the second 
of the two systems. Fig. 1105, the eflTeot of the charge and discharge will be lessened by part 
being carried ofi* by tlie shunt. At each depression of the key, a strong instantaneous current is 
flowing in one direction through the line coils of the instrument, and when the key is raised there 
is another instantaneous current flowing in the opposite direction through the whole coil. The 
cflects of the discharge, when not 
compensated, are, on the whole, 
much less marked in this than ^ 

in the open circuit system. r ^ ^ ^ 

Winter’s method of eflfecting ^ gjE SJE 3^ 

the compensation for the in- i M ?l 

diictivo discharge is by winding 

the shunt on the battery side of ^ ^ 

the key upon an iron core, as at y SKmhLm SCvUsim 

X. Fig. 1105. i f ^ ^ ‘ ^ 

The transmitter T, Fig. — ^ 

1106, of G, Smitli’s electro- | T " 

mechanical method, is worked ^ 
either directly by the finger of 

tlie operator, or preferably, by 1 — ^ 

a magnet, local battery anti 
finger key K, as in the Steam’s 
duplex. It is so arranged that ^ 

the two batteries E and E* arc ✓ — — 2 £ d S ' — 3 6 — I > 

both pdaoed in circuit eimul- | | ^jg i/J L 

taneously whenever the key is . p ^ ^ I ^ 

d»‘piressed. The circuit of ^ .y J 

battery E when closed, passes ' — 

through the w ire 1, spring S of ^ ^ ^ 

the transmitter T, wire 2, and 

rhoostat R to the junction of ^ ^ ^jT ^ 

wire 4 and the line, where it | I "P 

meets the opp) 08 ing current from i I — , J 

battery E^ wdiicU comes througli 

wires 3 and 4, including one ^ ^ 

wire of diflerential relay M. 

The current of the principal iioe. 

battery E is materially weak- ^ 

ened by the resistance of the 3 ~T 

rheostat R, so that a much , ^ U 

smaller battery E* is sufficient ^ — 

to opp>ose its tendency to find s! < ± 1 

its way back to tlio earth ^ f 

through the wire 4 and relay M. ^ A ^ *• 

It therefore g<iC8 over the line 

to the distant station, and 3’ 

op)erates the instrument at that E g: ^ ^ nV"] 

|K)int. Thus the first condition K 

of duplex working is provided '4-— 2 H L 

for, as the two batteries E and ^ r« a J 

E‘ neutralize in Uie wires 3 and ' I ^ ■ 

4 and relay M. The currents ' ' 

received from the distant station, 
over the.line, divide at the junc- 
tion of the wire 4, one portion J — - 1 Earth ^ 

' going to the earth through the 

rheostat R and wire 2, and the other px)rtion through the wire 4 and relay M, recording the 
signal. So far as the strength of the outgoing current is concerned, it is quite immaterial what 
the resistance of the relay M is, and this may therefore be made of w’hatever resistance will 
produce the most favourable effect with the incoming currents. 

An ordinaiy relay might be used with this duplex, but in practice it has been found p)roferablo to 
substitute a differentially wound relay. The extra circuit of tliis forms a part of the wire 6, which 
is attached to the batteiy 2, and to one side of a condenser C, the other side of which is connect^ 
to earth. By this contrivance the return current or static charge is effectually compensated. When 
the circuit of the battery is closed, the condenser C takes a charge. When the battery is removed 
from the circuit, the line and the condenser discliarge themselves simultaneously, but tho two charges 
pass off in opposite directions through the two wires of the differential relay, and their effect upon 
its cores is nil. The resistance of the spark coil r should be made equal to that of the joint 
resistance of the batteries £ cmd £^ The balance of the whole system is obtained bv varvinsr the 
rheostat R. 

Instead of a transmitter with the continuity preserving springs S 8, an arrangement might be used 
which would short circuit both batteries when the key is up, by a connection which would bo inter* 
rupted when the latter is depressed, so as to allow the current to flow to line. 





BLBOTBIOAL ENGII7EEBINO. 


629 


1107. 




In a method of simultaneonB transmission, invented by T. A. Edison in 1873, Fig. 1107, 
the signals are transmitted in one direction by reversing the polarity of a constant current 
and in the opposite direction by increasing and decreasing the strength of the same current. 
The relay R at station A consists of two soft iron electro-magnets and which act upon 
the same armature lever, closing the local circuit of tlie sounder or other receiving instrument 
in the usual manner. Tlie transmitter T is operated by a key and local battery as in Stearns 
method, and is so arranged that when the key is in a 
position of refet the negiitive enrrent from the battery E, 
passes to lino through tho electro-magnet of the home 
relay R ; but if the key is depressed, the lever T of the 
transmitter makes contact between the battery E and 
earth G, and at almost the same instant interrupts 
the previously existing contact between E, and tho 
earth. Tliero is at all times either a positive current 
going to lino through r,, or a negative current through 
rj. At station B the currents pass through a polarized 
receiving instrument R„ and thence through a rheostat 
X to tho earth. The tension of the spring of relay R 
is adjusted, so that the current going to line is not 
sufticient to overcome it, except when the rheostat X 
is cut out by depressing the key K at station B. Con- 
BC‘qucutly A sends to B by revt*rsing the polarity of the 
current, without changing its strength, while B sends to A by changing the strength of the current 
irrespective of its polarity. The polarized relay can be placed at a number of stations on the line, 
and c*nch will bo able to receive the signals from tho stations transmitting the positive and negative 
currents. A neutral or Morse relay may also be placed at a number of stalions, if devices aro 
employed to prevent the mutilation of the signals by change in the polarity of its iron core. 

The principle cmbodie<l in this invention has been successfully employed in quadruple transmis- 
sion, by modifications in the arrangement of the apparatus. 

Viaiiisi bus invented a system fV)r duplex working, based on the Poggendorff bridge. Both 
systems agree in tlio arrangement of the biitterics so far, that the balance is obtnin(*d in the circuit 
containing tho one battery, and differ in that Vianisi chooses as line, the circuit containing tho 
second battery. Calculation proves that both electrical systems suffer from tho disadvantage that 
thci |K)rtion of tho current ent(‘ring the line is comparatively weak. One of the nine combi nations 
of (he system designed by Vianisi differs from the others in effecting the balance in the receiver of 
(lie seiiiling station, by means of a current coming from tlio receiving station, consoquently each 
station requires but one battery. 

When neither key is depressed, lx)th batteries are closed, but since similar polos are connected 
to the line, the currents, being equal and opjwsite, do not produce any effect. Wlien station 1 
is sending, its own battery is short-circuited through I’s receiver. When both I and II send, each 
battery acts upon its own receiver, the currents passing througli the line, neutralizing one another. 

'J’he basis of the system is cxj)lnined ns follows, lict Fig. 1108, the opjwsite poles of two 
batteries, B, and Bj, whose electro-motive forces are equal to E, be eounectod by wires, and let a 
suitable rc»eeiv< r l)e connected at two |>oiiits, o and B. If the strength of the currents in the three 
branclies l>e indicated by J,, J^, Jj, and the resistances by W,, and W 3 , according to Kirchoffa 
laws there will be obtaine^l 

J, — — J 3 = 0. 

E, = d, W^ + J 3 W 3 . 

Ej = W, — J, W,. 

From those* equations the following values may be deduced ; — 


V >2 

‘ ~ w, 

Obviously. J3 = 0, if K, - E.^. W, = 0. 

Tbe <M][ua(ions are of use when one station i.s senditig but not receiving. Figs. 1100 to 
1111 are modifications of the method. 

Tho k(*y, Fig. 1112 , when depressed, breaks two circuits and cstablislu's two new ones without 
intcrrui)ting the lino. Two auxiliarj^ levers h Fig. 11 1 3, are added to the ordinary key lever. These 
aro insulated from tlio main lover by ebonite plaU*.s, which aro movable around tho axes e and 
At rest, the auxiliary levers, by the forked spring k and / which may bo tightened at will by 
moans of a screw «, are pressed upon tlio insulated coutaot pieces c and c\ Tho arms k k^ of 
tho spring are not in metallic contact with the auxiliary levers, and they press against the plates 
of ebonite I L The metal plates n and n', are screwed firmly to tlm bottom of the apparatus 
below tho auxiliary levers, and tliey have attached to them movable contact pins. If the key be 
pressed down, the auxiliary lovers 6 and b* come into contact vrith the studs d and ; and if tho 

e ressure on the key be continued, they are raised finally off tho }>oiiits of contact <' and c\ If the 
ey bo allowed to rise again, thou b and f/ come into contact with c and o', and only 6 and 6 ' 
break contact with d and d\ 

The cxmnectious of the binding ao3te\fB 1 to 4 become clear from Fig. 1114. At rest, the terminals 
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I and 2 are in metidlic connection by h and c ; also the terminals 8 and 4 by h* and o'* When the 
key is depressed, a current entering at 1 flows to 8 by 6, d, and c\ and a current entering at 2 flows 
to 4 through c, d\ and b\ During the motion of the key no interruption occurs, except a short 
circuiting of the battery, as the connections 6, d, and h' d* are estsmlished before the contacts 
between 6, c, and 6' c* are removed. 

The adjustment of the apparatus is simple. The studs d and d' should be equal in height. 
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oonneoted in palm. The rheostats Bh allow an insertion of from 1 to 4000 nnits. The receivers 
K, Hi are Morse ink writers with movable electro-magnet and double springs. The battery consists 
of a modification of Meidinger elements. 

When both keys are at rest. — At each station 1 and 2, 3 and 4 are connected : both batteries 
B have copper to lino, with zinc, through receiver and resistance, to earth E. As the two opposed 
currents are of equal strength, the line, completely insulated, is free from a current. 

Key at station II pressed down; at station I at rest. At II the points 1 and 3, 2 and 4 
are connected; at 1, as before, 1 with 2, and 3 with 4. The positive current of battery B 
goes through line L to II, fiows through two parallel branches, through the receiver K„ the 
resistance, and returns through earth to I through the parallel branches and Rh^, But the 
receiver of the sending station II is influenced at the same time by its own battery, the positive 
current from which enters from below through Rh into the Morse R, ; thus a balance of the two 
opposite currents may be effected in R,. The plan. Fig. 1109, appears to bo identical with Fig. 1110. 
W, of the equation, is represented by the combined resistance of lino L of battery B, of the 
branches R and Rh and of the earth ; W, by B, and resistance Rh ; and Wg correspon*d8 with the 
resistance of the writing instrument R, of the sending station. If Wj = Wg, E, being henceforward 
taken as equal to Eg, then, according to the equations, the receiver R, would remain entirely free 
from a current. Tliis is not always the case ; sometimes a weak current passes through the Morse 
instrument of the single sending station, and this current is not sufficiently powerful to attract the 
armature. 

Both keys depressed. — The points 1 and 3, 2 and 4 are connected at both stations. The posi- 
tive current passes in both stations through rheostat and receiver to the zinc pole. The zinc pole 
of both batteries is connected to lino ; therefore the currents neutralize each other in the lino. 

As a practical example as to the difference existing between the single and duplex signals, let 
there bo given the resistance of the line equal to 1200 units, that of the receiver as equal to 400 units, 
and lot the resistance in each rheostat be 1000 units, equal to line 4- receiver insertecl. Resistance of 
tht^ earth = 0. At each station are placed 18 Meidinger cells, of which the combined electro-motive 
force = 18, and total resistance =108 units. 

Accoi-diug to the equations, 

W, = IC28; Wg = 1708; Wg = 400. 

J3 =0 00035; Ji = 0*0109; Jg= 0*0106. 

As the rheostat Rh is arranged as a shunt for the receiver, only ^ths of the current pass through 
the receiver, and 4 th through the rheostat, the ratio of the resistances of both parallel Ixjingas 1:4; 
from this 

f Jj = I- X 0*0109 = 0*0087. 

Lot the magnetic moment of tho receiving magnet be equal to the strength of current, multiplied 
by tho square root of the magnet’s resistance, then wo have 

Ml = I Ji VWg = 0*0087 X 20 = 0*1740. 

Tho receiver of the sending station receives a magnetic moment, 20 J, or 0 * 00700, w*hich is 
incapable of producing any effect. 

In case 3, for each station, J = 0*0085 ; M, = 0*0085 V^OO = 0*1700. 

The difference of the magnetic moments in cases 2 and 3 is D = 0*004, consequently the single 
and duplex signals are almost of equal strength. 

Ill Viunisi’s first arrangement, the terminals 3 and 4 were insulated when tho key was at rest, 
therefore tho current acted with full force on the receiver at I, since the sliunt R did not exist. 
Consequently Wj could be mode equal to W,, therefore the current J, and magnetic moment in 

In pursuance of tho calculation with the numerical values given above, in case 2, tlie magnetic 
moment of the receiver Rp Mj = 0*2100. 

In case 3, as above, M, = 0*1700, and thus D, = 0*04 ; that is greater than in the preceding 
instance. 

Receivers of too great a sensitiveness will not work so accurately under these circumstances. 

The difference between the simple and duplex signals iu the first example can be further 
reduced by inserting a resistance coil of 40 units at each station between tho terminal 4 and tho 
line ; then in case 2 ; — 

J, = 0 ; Ji = Ja = 0*0105 ; M, = 4 J, = = 0*1680. 

For case 3, as before stated. Mg = 0*1700, D. = 0*002. 

A small galvanometer or detector is inserted l)otween the receiver and the earth. The resistance 
of it, 2*5 units, has toba considered in the numerical examples. 

The receiver of the sending station shows inertia. For trial, I is arranged as in Fig. 1108. The 
receiver was at first a Hipp’s relay magnet ; then a Siemens polarized relay ; succeeded by a 
Hughes instrument. To make R work, the following alterations of Wj were necessary ; W. and W- 
were originally rheostats of 500 units each. Ist. Wj = 320 units. 2nd. W, = 360 units, 3rd. 
W| — 460 units* In the last case, the Hughes magnet was adjusted to extreme sensitiveness. 

This duplex method is applicable to the Hughes instrument, Figs. 1115 to 1119. 

Vianisi’s automatic repeater is a relay intended for transmission, w'hose contact lever interrupts 
two currents, and establishes two new ones. This relay is inserted in the local circuit of the 
sending Hughes instrument. The mechanical looking of the printing axis applied to the new 
Hughes telegraph affords a means for adapting Vianisi's metJiod. For this purpose, a system of 
auxiliary levers is applied to the contact lever of the sending Hughes, Figs, 1116 to 1119, The- 
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movable parts 6, must work easily.. The plan of insertion does not differ from that in Figs. 1116 
and 1119. 

A numerical example of the bridge method, modified and applied to tlie Hughes instrument, will 
illustrate the principle. 

Kesistance of line, 80; of one Hughes, 20; of one element, 0*12, all the resistances being 
expressed in rheostat units, each equal to 50 Siemens units. The strength of current required to 
work a Hughes is 0*73, and 80 to 9(J elements are requisite for single working. 

Taking 100 elements. In case 2;— J, = 0*0205; J, = 0*917 ; Jj = 0*8965. 

As in the first example, the rheostat forms a shunt to the Hughes magnet, ^ J will flow through 
the coils, or X 0*917 ; that is, 0*764. But when the armature of the receiving Hughes strikes 
the locking lever, the coils are short-circuited and the values are altered ; and 

J3 = 0*139; Jj = 1*056; J, = 0*917. 

The current which flows through the receiving Hughes of the sending station, strengthens the 
induced magnetism of the cores, since it flows in a direction opposite to that which produces the 
signals at II. If, now, station I begins to send, a sudden reversal takes place in the magnet at 
station II. 

Fig. 1115 shows a Hughes connected with two batteries and two rheostats. Between P and P' 
a key is inserted, whose depression suddenly breaks the circuit of the battery P. Having first made 
Wi = Wj, W, is gradually diminished, which has the effect of strengthening the cores in R, and 
the sudden depression of the key causes the magnet to be acted on by P' only. With the magnet 
adjusted, the locking of the printing axis is easily effected. 

In case 3, the current acting on each Hughes is 

J =0*757, 

and the difierence of currents in cases No. 2 and No. 3 = 0*007. Jg could bo made = 0, by the 
insertion of a resistance coil. There are 333 elements reouired to obtain a current of J = 0*73 in 
the previous example ; but the bridge methml is applicable to both old and mrKlern Hughes instru- 
ments without auxiliary mechanism. Fig. 1120 is self-explanatory of the means of connecting inter- 
mediate stations. 

M. Siour's duplex system is distinct in principle. It is based on the use of a distributor or 
automatic current reversor, w'hich divides up the time of sending into a scries of small and equal 
intervals, during which a succession of alternating positive and negative currents, cacli current 
occupying an interval, are sent into the line. These currents are received separately on two 
polarized relays, one relay responding to the jiositive and the other to the negative currents. The 
system admits of stmding two mcssjigcs in the same direction simultaneously, or two messages in 
contrary directions. The distributor is the same in either case, and consists of a cam D, Fig. 1121, 
connected to earth and turning by clm^kwork between two steel springs C Z, wdiich it raises 
alternately as it rotates. If the cam revolves at a speed c»f twenty turns a second, it will raise 
during one-fortieth of a second the spring C, and being in contact with oartl», it will put the 
positive iKilo of the battery to eartii during tliat time, whilst the negative pole, through the spring Z, is 
in connection with the stud P of the key B. Passing on from the spring O, which returns to its 
stud A, the cam raises the spring Z, breaking contact with B. The negative pole of tlio battery is 
tlius put to <*arth while the positive pole is connected to the stud P of tho key A. During each 
revolution of the cam, the two polos of the battery are thus alternately drawn upon, but tho inter- 
mittent curremts from ciicli are led to separate signalling keys A and B. If the key A alone 
is manipulated, a positive intermittent current is sent into the lino, the interruptions succeeding one 
another at intervals of one-fortieth of a second. If the key B be worked a series of similar negative 
currents enter the line. 

The receiver is a polarized relay with two armatures, the armature A only answering to positive 
currents, and the armature B to negative currents. Two jwlarized relays with a single armature 
will serve the same purpose. The armature B, which can only act under the influence of the 
negative current, remains passive on its upper contact, short-circuiting tho local battery which 
actuates tlic recorder B ; but the armature A is attracted by the positive currents into contact with 
its lower stop; breaking the short circuit and ciinbling the loc4il battery to signal on tho recorder 
A. Tlie armature A is only attracted for one-fortieth of a second at intervals of one-fortieth of a 
second, but tljc rccortler A can bo so adjusted as to bridge over the interruptions, and give entire 
sigimls, while the key A is depressed, just as if the current wore continuous. In the same way, 
when the key B is manipulated, tho recorder A is passive, while the negative intermittent current 
frotn B attracts the ai-mature B, breaks the sljort circuit, and allows the rticordt^r B to sigTial. If 
both keys operate together in sending tw<i different messages simultaneously, both armatures will 
simultaneously respond, each to its respective key, and both recorders, each to its respective 
armature. 

In the arrangement considered, the armatures in vibration arc catisod to actuate tho recording 
instruments, but by another method. Fig. 1122, they can bo made to signal when at rest. Instead of 
comu cting tlie springs of tho distributor to the studs P of tho keys, they are connected in this case to 
the studs r on which the lever of the key boars when at rest. A series of intermittent currents 
are in tliis way continually flowing into the line, positive from tho key A, negative from tho key B. 
These currents cause the corresponding armatures of the relay to vibrate continually. The local 
recording circuits are so joined np to the armatures, as to be closed when the armatures are at rest 
on tho upper stops, and open when the armatures vibrate, for the rapidly intermitting currents 
cause the armatures to vibrate freely midway between both upper and lower stops. On depressing 
the key A, contact is broken at r, the positive current ceases to flow and the armature to vibrate. 
* It returns to its rest stop, completes the local circuit, and causes tho recorder A to signal. Bimilarly 
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the key B causes the recorder B to signal ; and when both keys act at once, both recorders respond 
together, each to its proper key. 

When sending two messages in contrary directions, each station must bo able to send a message 
without interfering with its own receiving instrument. Let the two stations be called respectively 
S and S'. Only the station S is provided with a distributor, and it is of the form shown in Fig. 1122, 

1121. 1122. 




that is, the wires from the middle of the keys I unite ; but before entering the line they arc 
connected through the receiving rc hiy. Fig. 1123 is the arrangement of apparatus at station S'. The 
relay at both stations is so joined up, that the armatures A vibrate under the negative currents 
from 8, and the armatures B* under the i)Ositive currents. The levers w, n of the signalling keys 
are each made in two metal j)arts insulated from one auother. In the poaition of rest, the distiibutor 
of the station S sends into the line a series of alternating currents, whii h traverse the relay at S, 
and also that at 8', where they flow to earth by the levers / and the contacts T of the keys and Bp 
At both stations the armature A and B of the relays oscillate, but have no action on their 
recorders. 

When the key Aj at station 8, Fig. 1123, is alone depressed, the armatures A at both stations stop 
vibrating, and the corrt'sponding recorders signal. Similarly when Bj is depressed the corresi>onding 
recorders at both stations also signal. IIciicc the sending of station 8 operates both relays and 
recorders. 

When the key A, of station 8, Fig, 1123, is alone depressed, the part m of the bar makes contact 
with the hsvor I and raises it, while the part n raises the lever r. The negative current from the 
battery reaching the part n, posses by the lover r or the key Aj, the contact piece, and the lever r 


1123. 1124. 



of the key B,, and goes to earth through flie rheostat i?, whilst the positive current passing by 
the part m and the lever I of the key A, enters the line. These positive currents from S' strengthen 
the negative currents from 8 ; hut the rheostat in circuit, is adjusted so as to reduce the 
intensity of the current so produced, to the intensity of a single negative current. The negative 
currents from 8, thoroforo, act as if the key A, of station S' were at rest, and the armatures B at 
both stations continue to oscillate. Conversely tho positive currents from S are neutralized by the 
positive current sent into the line from S' ; and consequently the armatures A at both stations 
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cease to oscillate, thus actuating the recorders. If the key Bj of the station transmits alone, tlio 
part m of the bar raises the lever /, while the part n raises the lever r. The positive current, passing 
by m of the key A, and its resting stud T, to n of the key and the lover r, goes to earth by the 
rheostat Rj whilst the negative current, passing by m and the lever I of Bj, tlio eon tact T and 
lever / of A„ enters the lino, where it does not affect the positive currents from S, but neutralizes 
the negative currents. At Wh stations, therefore, the armatures A continue to oscillate, but the 
armatures B are stopped. When both keys of station S' act together, the positive pole of the battery is 
connected to the line by the part m and lever I of the key Aj. But the negative current, passing by 
the part m and lever I of the key is insulated at the contact T of the key Aj ; and the same 
pole passing by the part n and lever r of the key A| is insulated also at the contact piece of the 
key Bj. There is consequently a breach in the line circuit, and the armatures of both the relays 
aot, and both the recorders signal. 

When the key A^ or station S transmits at the same time as the key Bi of station S', the depres- 
sion of the former suppresses the emission of positive currents from S, while tlie depression of the 
latter sends over the line a negative current which neutralizes the negative currents issuing from S ; 
consequently there is no current on the line, both the armatures stop, and the recorders signal. The 
same effect takes place, but by an inverse process, when the key Bj of station S is depressed at the 
same time as the key A, of station S. 

When the key A, of station S transmits at tlie same time as the key A, of station S' or the key B| of 
S at the same time as the key Bj of S', because the positive current sent out by S' does not affect 
the negative one from S, the stoppage of tho positive current from S affects the armatures of the 
relays A at both stations, the same os if the key Aj at station S had not been depressed. Simi- 
larly the effect of depressing the key Bj at station S' wbilo the key at station S is depressed is 
the same as if the latter alone was depressed, both B relays are operate. 

Fig. 1124 is of a method of simultaneous transmission by this system, in which separate batteries 
and ordinary contact keys are employed. 

Quadi'v.plex I'elegraphy, — Fig. 1125 is of Edison’s quadmplex apparatus upon tho bridge plan. 
r is a double current transmitter or pole changer, operated by an electro-magnet, local battery €\ 
and finger key K’. Tho office of the transmitter r is simply to interohango the i)ole8 of tho main 
battery E', with respect to the line and earth wires, whenever tho key K' is depressed ; or, in other 
words, to reverse the polarity of the current upon the lino by reversing the poles of the battery K*, 
By the use of properly arranged spring contacts, s* this is done without at any time interrupting 



the circuit. Thus the movements of tho transmitter r cannot alter the strength of tho current 
sent out to line, but only its polarity or direction. The second transmitter T* is operated by a local 
circuit, and key K* in tho same manner. It is connected with the battery wire 12 of the transmitter 
r, so that when the key K* is depressed the battery E* is enlarged by the addition o^a second 
battery E^ of two to three times the number of colls, by means of which it is enabled to send a 
current to the line of three or four times the original strength, but the polarity of the current with 
respect to the line still remains as before under control of Qie first transmitter r. 

At the other end of the line are tho two receiving instruments, R‘ and II*. R' is a polarized relay 
with a permanently magnetic armature, which is deflected in one direction by positive, and in the 
other by negative currents, without reference to their strength. This relay consequently responds 
solely to the movements of key K', and operates the sounder 8* by a local circuit from battery L* in 
tho usual manner. Relay R* is placed in the same main circuit, and is provided with a neutral or 
soft iron armature. It responds with equal readiness to currents of either polarity, provided they 
are strong enough to induce sufficient magnetism in its cores, to overcome tho tension of the opposing 
armature spring. The latter is so adjusted that its retractile force exceed the magnetlo attraction 
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induced by the current of the battery £', but is easily ovemwered by that of the current firom 
and £^ combined, which is three or four times as great Therefore tlie relay responds only to 
the movements of K’ and transmitter T*. 

A difficulty occurs when the polarity of the current upon the line is reversed during the time in 
which the armature of B^ is attracted to its poles, for the armature will fall off for an instant, owing 
to the cessation of all attractive force, when the change of polarity is actually taking place, and this 
would confuse the signals by false breaks, if the sounder were connected in the ordinary way. By 
the arrangement shown in the figure the armature of the relay B^ makes contact on its back stop, 
and a second local battery L'^ operates the receiving sounder 8^. Thus when relay attracts its 
armature, the local circuit of sounder 8^ will bo closed by the back contact of local relay 8 ; but if 
the armature of R* falls off, it must reach its back contact, and remain there long enough to com- 
plete the circuit through the local relay 8 and operate it before the sounder 8* will be aftected. 
But the interval of no magnetism in the relay B*^, at the change of polarity, is too brief to permit 
its armature to remain on its back contact long enough to affect the local relay 8, and through the 
agency of this ingenious device the signals from K* are properly responded to by the movements of 
sounder 8*. 

By placing the two receiving instruments B' and K* in the bridge wire of a Wheatstone 
balance, and duplicating the entire apparatus at each end of the lino, the currents transmitted from 
either station do not affect the receiving instrument at that station. The duplicate parts which 
are not lettered operate in precisely the same manner, but in the opposite direction with respect 
to the line. 

In applying this system of quadruplex transmission upon lines of considerable length, it was 
found that the interval of no magnotism in the receiving relay R*, which takes place at every 
reversal in the j)olarity of the line current, was greatly lengthen^ by the action of the static dis- 
charge from the line, so that the employment of the local relay 8 was not sufficient to overcome tho 
difficulties. A rheostat or resistaiico X* was therefore placed in the bridge wire with the receiving 
instruments R* and and shunted with a condenser c of considerable capacity. Between the 
lower plate of the condenser and the junction of the bridge and earth wire, an additional electro- 
magnet V was placed, acting upon the armature lever of the relay R‘^, and in the same direction. The 
effect of this arrangement is, that when the current of one polarity ceases, the condenser c imme- 
diately discharges ihiough the magnet o, which acts upon tho armature lever of relay R^, and retains 
it in position for a brief time before tlie current of tJio opposite polarity arrives, and thus serves to 
bridge over tlie interval of no magnetism between tho currents of opposite polarity. Tho combina- 
tion of transmitted currents in this method differs materially from any of those used in other 
inventions. They aix) as follows ; — 


When tho first key is closed and the second open -f- 1 

Wiien tho second key is closed and the first open — 3 or — 4 

When both keys are closed 3 or -f 4 

When both keys are open — 1 


Another very important practical advantage in the system under consideration, is due to 
the difference or working margin between the 
strength of currents required to produce signals 
upon the i)olariiod relay, and upon tho neutral 
relay respectively, and this may be increased 
to any extent which circumstances render desir- 
able. Within certain limits the greater this 
difference the better tho pmctical results, for 
the reason that tho range of adjustment of tho 
neutral relay increases directly in proportion 
to the margin. Tho ratio of the respective 
currents has bcKiii gradually increusea from 
1 to 2, to as high as 1 to 4, with a correspond- 
ing improvement in tho practical operation of 
the apparatus. 

Before it became possible to produce a quad- 
ruplex apparatus capable of being worked at a 
commercial rate of speed upon long lines, it was 
essential that its component parts should have 
arrived at a certain stage of development. 

When, in 1872, simultaneous transmission in 
opposite directions was for the first time 
rendered practicable upon long lines by the 
combination therewith of the condenser, tho 
first step was accomplished. It now only re- 
mained to invent an equally suoocssful method 
of simultaneous transmission iu the same direc- 
tion, which was done in 1874. 

G. Smith, in 1876, effected several important improvemonts in quadruplex telegraphs. Pig. 1126. 
Both receiving relays Ri and R* are provided with differential helices and polarized armatures, and 
in general the differential method is employed throughout in ])lace of the bridge. The relays R, 
and R, may bo constructed as shown in the figure, or aooording to Siemens’ pattern. Experience 
has shown that the latter form gives, on the whole, the most satisfactory rosnlts, and it has there- 
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fore been adopted in all tlie more recent appamtus. The combination of the outgoing oorronts 
dhSers from that employed in the original quadruplex, and is as follows ; — 


Ki open and K, open, current traversing lino + 4 B 

Kj open and K, closed „ ,, ,, + B 

K| closed and K, open „ „ „ — 4 B 

K| closed and Kg closed „ „ „ B 


As in the original quadruplex, key Kj controls the polarity of the current going to line, but the 
depression of Kg decreases the outgoing current, irrespective of its polarity, from 4 B to B, or, in 
other words, cuts olf the battery 3 B altogotlior. 

The action of tlio relay Rg is that only requiring detailed explanation. Wlion both keys are 
at rest the positive current of both batteries + 3 B + B is passing over the lino, and the polarized 
arinature is pressed against the contact lever w„ which yields, thus allowing it to separate from the 
contact lever »g, and the circuit of the sounder S is broken. When K, is closed, the polarity of tho 
entire battery upon the lino is reversed, and the armature passes over to the other side and presses 
against Ug in the same manner, so that the sounder Sg cannot bo operated by the stronger currents 
of either polarity. But tho depression of the key Kg in either case decreases the current, until it is 
unable to withstand the tension of the springs of the contact levers n, Wg, and thus the local circuit 
through the sounder Sg is completed, and tho latter responds to tho movements of key Kg. On 
circuits exceeding 200 miles the sounder Sg is preferably operated through a local relay. The com- 
bination of the outgoing currents in different positions of the keys is also re-arranged, as — 


Ki open and Kg open, curre nt traversing line B 

K, open anil K.^ closed „ „ -f 4 B 

Kj closed and Kg open ,, „ „ — B 

K] closed and Kg closed „ „ „ — 4 B 


An example of a totally diflerent system of multiple transmission, is that based upon the principle 
of the division of a single current into rapidly recurring waves or pulsations, first attempted by 
Farmer in 1852, and u^ed in Moyer s apparatus. 

This system is intended to utilize all the currents that in a given time can lx? made to succeed 
each other in a wire, so tliat several operators, each sending twenty” to thirty messages an hour, 
may transmit tliom upon tho same wire. 

The number of transmissions that a telegraph lino will carry varies with its conducting power. 
It is generally admittrd that, vritU a speed of twenty-five messtigesan hour, on a Morse instrument, 
about five pulsations of the current occur a second. Consequently, w being the sum of the currents 


which in a second can succeed each otlier in a conductor. 


represents tho number of receivers 


which it is possible to establish upon a single wire, or tho number of operators that can work at 
the same time. 

The apparatus is usually constructed for four tnmsmishions, and is worked by four operators. 
At a speed of seventy-five revolutions a minute, presenting fuur letters at each turn, it records uno 
hundred messages an liour with twenty pulsations of tho (uirreut a second. .This is less timii a 
maximum result, for experience has shown that telegraph linos can be worked at a much greater 
speed. 

As tin? apparatus i.s arranged for transmission, four sets of keys, eight in each set, are placed 
with their receivers upon a tabje, each receive r having a continuous strip of paper lor recording. 
A clockwork movement, actuated by a weight and regulated by a conical pendulum, serves as tho 
motor of all tlu* receivers. The keys, as well as the receivers, are connected with tlie earth wire, 
and with the line wiie in the latter case, through the distributor. 

The distributor. Fig. 1127, is the principal j»art of the instrument. During four equal intervals 
of time it directs the current of the battery successively toward each of the four rceci\^rs of the 
receiving stiition. ooisa disc of metal, fixed 
and insulated. It has forty-eight divisions, 
twelve to tho quarter of the circle, of which 
eight, grouped two and two, are connected to 
tho earth. There are, thus, four cables of 
eight wires each, which start from tho four 
sets of keys and end in the distributor. Tiio 
groups or divisions are tliereforo sixteen in 
number, separated by intervals. Tho first half 
of a group, ^^g-th of a revolution, gives a short 
contact; the entire gioup to one of double 
the length. An elastic contact spring, mounted 
ui)on the axis, traverses the circumference of 
the disc, and successively connects the four keys and four receivers with the line, so that tho current 
transmitted or received during the passage of the spring over one of tho quadrants, is directed 
tlirough the receiver to which it corre8{>onds. Each operator thus has the lino at hisdi8i)osal during 
a quarter of a revolution. Tho transniittcr is composed of eight keys, four blacjk and four white, 
wliieli are <X)nnected between the battery and the eartli. The black keys represent dots, and the 
white keys dashes, starting from the left key. As soon as tho rotating contact spring, in its 
movement, passes over that section of the disc to which tho keys (Icpressed arc connected, tho 
signal or letter is transmitted, the spring passing to tho next quarter section, which is connected 
with the nex t sot of kt^ys, manipulated by another operator, and so on, with all the sections. Attached 
to each of the keys is an eccentric, the use of which is to raise after each letter a smaller rider, and 
this, falling by its own weight, produces a tick, beating the measure, to wljich each operator works. 
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Each receiver has for its printing mechanism, Fig. 1127*, a sootion of a helix, resembling an 


^ ^ cylinder having upon its 
Xs the'contacts from the sets of keys 


112t* 



elongated spiral. This may be more easily understood by 
surface a ralMod rib extending spirally over its entire length 
are placed in a straight line over this cylinder, only one key 
can be put into connection with the spiral rib at the same 
time. The helix of the receiver and the rubbing contact 
of the distributor moke their revolutions in the same time, 
and from the same starting point. An inking wheel 
revolves freely on each of the helices. The letters appear 
transversely upon tiie strip at right angles to the ordinary 
Morse characters, the paper being raised to the writing 
helix by the armature of the electro- magnet over which 
it passes. Tikis transverse disposition of the letters 
presents a double advantage ; it avoids confusion between 
consecutive letters, and reduces considerably the length 
of the x^ftper band used for ouch despatch. 

Multiple transmission in tliis case depends upon 
identical revolutions, in the same time, of certain xx)rtions 
of the axkparatus at distant stations. This is effected by 
the aid of a conical x>endulura and a regulating system, by which a correcting current is transmitted 
every second ; and it is arranged that the lino should bo put to earth at both extremities after each 
cniission of the current. 

Construction of Submarmc Cables. — The materials employed in the construction of underground 
or submarine cables comprise the co[)ijer required for the core, the insulating coating, whether of 
guttapercha or indiurubber, and outer pirotections of hemp with various kinds of sheathing. Tho 
data for ascertaining the weight in pounds of co|)per wire of given diameter will be found under the 
head of Electrical I’esting. In designing a strand of a given diameter, the weight of each wire 
must bo taken sexiarntely, and the total weight will be the weiglit of tlie strand. Formula) given 
for weights of strands are only approximate, as they can be correct for only one kind of strand. 
Strands for cables are very various in construction, consisting generally of an outer circle of wires 
around a central wire of tho same or larger size than those of the circle. A second circle of wires 
sometimes surrounds the strand thus formed, when great flexibility is required, with large diameter. 
As it is essential that tlio outer circle of wires should lit accurately upon the central wire, tho 
outer dianu'ter of the strand being generally given, it remains to dctemiinc tbo size of the central 
wire, and the number of the surrounding wires. Tliis is usually effected by tho following Table I., 
calculated from a table of polygons. The table also serves to determine the inner and outer 
diameter of iron-wire sheathing. Multiply the diameter of the wire by tlio constant corre8x>onding 
to the number of wires around the central wire. Tho diameter of the W’iro may be in mils, inches', 
or luillimotres. The. inner diameter of an iron-wire sheathing, or of tho outer circle of coxiper 
wires, may be obtained from the outer diameter by subtracting the diameter of the wire. 


Table I.— Diameter op Iron Sheatuino. 


No. of ' 
Wires. 

Out.sido 

1 iuimcier. 

' No. of 
■ Wires. 

Outside ! 
I iiameter. 

! No, of 
j Wires. 

Out side 
Diameter. 

No. of 
Wires. 

Outside 

Diutueter. 

3 

2 155 

10 

4-230 

17 

6-442 

24 

8-601 

4 

2-414 

: 11 

4-549 

18 

6-759 

25 

8-979 

5 i 

2-701 

12 

4-804 

19 

7-075 , 

20 

9-290 

i 

3-000 

13 

5-179 

20 j 

7-392 ; 

27 

9-014 

7 i 

3-305 

14 

5-494 

21 

7-709 1 

28 

O-O.'ll 

8 

3-015 

15 

1 5-810 

22 1 

1 8-027 

1 29 

10-249 

9 ; 

3-024 

10 

; 6 126 

! 

23 I 

i 8-344 1 

i 30 

10-507 


The diameter of the core having been determined, and tho nature of the strand, the dielectric 
or insulating material needs consideration. Much discussion has arisen amongst the advocates 
of the various insulating materials, but the use of guttapercha has gradually extendc;d until 
this material is that most largely employed as an insulator. Its advantages are durability and 
almost i)erfect freedom from cluinge when immersed in water, out of contact with air or oxidizing 
influences. As a dielectric, its various qualities tUffer amongst themselves more than other insula- 
tors. Cheap guttas, as a rule, are very highly insulating, are mechanically very brittle, and have 
high inductive capacity. Those gums are also generally in a high state of oxidation, and contain 
a largo proxwrtion of other gums than guttnx)crcha. By chemically separating these gmns from tho 
giittax>er(>ha, tho purified x»ercha is found to have properties that are very similar in all samxdcs 
precipitated from varying kinds of the commercial article, but that still are not identical in the sense 
that would be imputed to a metal separated from an alloy. Tliis variation probably occurs from 
tho varying rate of oxidation, since guttapercha will oxidize in a moist atmosx^hero at about the 
same rate as the metal lend. As it oxidizes, so it increases in resistance ; but a curious phenomenon 
is that, whilst the oxidized x»roduct is by itself a substance having lower inductive capacity than 
tho true guttapercha, tlie compound of guttui>ercha and oxidized products is of liigher inductive 
capacity ; a fact tliat fully illustrates tho accuracy of O. MaxwelTs reasoning as to the properties 
of insulating materials, as* regarded from tho electro-magnetic theory of light, a theory that finds 
extension in the fact that the most transparent varieties of guttapercha, as well as of indiarubber, 
arc the most highly insulating. Tho various qualities of guttapercha ore usually blended in 
manufacture, to obtain medium oflbets, electrically and mechanically. It is a popular error 
to suppose that highly insulating guttas arc the most valuable, for as a rule these are mechanically 
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brittle, and have but little electrical durabilit;^. Moderate insulation is sufficient for any ordinary 
wire, and when this has been attained, attention should be directed, preferably, to consideration of 
the inductive capacity, than to further increase of the insulation resistanoo, becauso the inductive 
capacity in conjunction with tho conductor resistance regulate the speed of transmission, which is 
independent of the insulation when the last is sufficient. 

During manufacture, in that stage termed mastication, guttapercha admits of considerable modi> 
iioation of its inductive capacity. Given a temperature sufficient to maintain the gutta easily 
masticated, the inductive capacity decreases generally with tho length of the process of mastication, 
until a limit is reached at which the capacity commences to increase. Guttopercha should never 
be masticated to this limit, because its electrical properties are at about this time liable to sudden 
variations, or departures, from the normal quality of the sample under treatment. In cases where 
the limit is attained after eighteen hours’ mastication, the process should not be continued longer 
than twelve hours, as when deterioration sets in, its progress is very rapid. 

Admixtures have been imposed to guttapercha to increase its insulation resistance, and to 
decrease its inductive capacity, but the use of none of the ingredients suggested has met with 
extended application, exception being made with regard to paraffin and other members of the coal- 
tar series. In view of the approaching scarcity of the guttapercha plant, attention might bo 
bestowed upon this subject with advantage. 

Guttapercha weighs about (Jl lb. a cubic foot. The resistance of a cubic knot of guttapercha 
averages about 2100 megohms at 75® R, and its cnimcity about O*0G87 microfarad. The weight of 

^ 1 % 

guttapercha in a knot of core is — — lb., where D is the outer and d the inner diameter of the 

4oo 

guttapercha sheath in thousandths of an inch. Tlio diameter of a guttaporcha core with solid con- 
ductor weighing w lb. a knot, and guttapercha weighing W lb. a knot, is 54 * w + 48(> W in 
in. The ratio of the weights and of the diameters of guttapercha may respectively be obtained 
from Table IL, which for pmctical use includes tho logarithm of the ratio of tho diameters ; those 
logs, may be increased by 0*03342 for 3-strand and 0*00119 for 7-8trand conductors. 

Table II. — Ratios of Weights and Diameters: Guttapercha Wires. 


w 

to 
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T ” 

Log.- . 
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VJ 

D 

d 

T I’ ' 
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w 

D 

d 
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0*75 
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1 3 •21 
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0*55530 
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1*38 

3*65 
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0-81 
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1*10 

3*29 
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3*67 
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0-82 
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0*83 
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0*46538 , 
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0*52244 
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0*56937 
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0-57054 

0*86 
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0-53403 

1*49 

3*80 

0*57978 

0*02 

304 

0*48287 ; 

1*21 

3*43 

0*53529 

1*50 

3*81 

0*58099 

0*93 

3-05 

0*48430 

1*22 i 

3*44 

0*53656 

1*51 

3*82 

0*58206 

0*94 

307 

0*48714 

1*23 

8*46 

0*53908 

1*52 

3*84 

0*. 58433 

0*95 

808 

0*48885 

1*24 

3*47 

0*64033 

1*63 

3*85 

0*58546 

0*90 

3-10 

0*49136 

1*25 

3*49 

0*54283 

1*54 

3*86 

0*58659 

0*97 

311 

0*49276 

1*26 

3*50 

0*54407 

1*55 

3*87 

0*58771 

0*98 

8-12 

0*49415 

1*27 

i 3*52 

0 * 546.54 

1*56 

3*88 

0*58883 

0*99 

3-14 

0*49693 

1*28 

1 8*53 

0*54777 

1*57 

3*89 

! 0*58995 

: 1*00 

315 

0*49831 

1*29 

3*54 

0*54900 

1*58 

3*90 

0.59106 

1*01 

316 

0*49969 

1*30 

3*55 

0*55020 

1*59 

3*91 

0-59218 

1*02 

1*03 

3 18 
819 

0*50343 

0*50379 

1*31 

1*32 

3*57 

3*58 

0-55267 

0*55388 

1*60 

3*92 

0*59329 


With increase of temperature, guttapercha, like all other gums used in commercial electricity, 
decreases in resistance. If vo* is the resistance of guttapercha at t'® F., and to" the resistance at 
t"® R, then 

log. w" = log. — (V* — O log. 0 * 0399. 

At high temj^raturos the electrical resistance as well as the mechanical strength of guttaporcha is 
permanently injured. 

The electrostatic capacity in microfarads of a guttapercha cable is a knot 

K 

““ log. D — log. d ^ 

where K varies from * 1800 to * 1400, the lower number corresponding to a lower standard of insulation. 
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The insulation of any guttapercha cable may be calculated from p (log. D — log. d) in 
megohms a knot, where p varies from 700 to 300, according to the quality of the guttapercha. 

Where guttapercha covered wire is to be immersed in water, it should receive at least two 
coverings of gutta, both to diminish risk of fault, and to prevent percolation of water directly 
through a small hole that might be continuous between outside and the conductor. As a rule, the 
first coverings are of superior qualities of gum. 

Next to guttapercha as an insulator, the most frequently used is indiarubber. As an insulating 
system, indiarubW is far more complicated than that of guttapercha, because indiarubber alone is 
never used to completely insulate wires. Generally, a coating of brown or natural rubber is wound 
spirally upon the conductor, and this is surrounded by a separating coating of indiarubber with 
which oxide of zinc and French chalk has been masticated, succeeded by a final coating or jacket of 
indiarubber containing a largo percentage of oxide of load and sulphur. Thus prepared, the core is 
vulcanized, that is, exposed to high temperature and steam pressure. Under the head of India- 
rubber manufacture, this process will be found detailed. The copper wire of the conductor must 
when inserted in a sheathing of indiarubber, always be tinned, because copper and indiarubber in 
contact determine a cbemioal action which results in the rubber becoming viscous, and of no clec- 
trioal or mechanical value. Cores constructed as described are said to be of Hooper’s material, and 
are used in situations exposed to variations of climate or high temperature. The use of this material 
does not seem to extend, since it is not reliable according to some authorities, and is of greater cost, 
but in some situations where guttapercha would be soon destroyed this core has given excellent 
results, and has proved especially serviceable for torpedo cables, or occasional work subject to l>o 
alternately wet and dry. 

Hooper's material weighs about 78i lb. a cubic foot. The resistance of a cubic knot is 43,950 
megohms at 15P F., and its capacity about 0*0543 microfarad. Its electrostatic capacity is 


0.7 0 - 0543 ^ 

log.D-log.d 


for I knots. 


To overcome the difficulty of serving the conductor with such varied materials, it has been tried 
to pass the wire through a composition of ozokerit and indiarubber masticated together. This mixture 
has given very good electrical results, but has the disadvantage that it will not adhere to the wire. 
Kerit, a vulcimized compound of indiarubber and cotton-seed oil, has been largely used for offico 
and leading wires. 

A method of laying underground wires has been carried into practice by C. Brooks of Amprica, 
which diffors entirely from any other system of insulation. Cotton-coverod wires are laid in a tube, 
which is then filled, and maintained full, from reservoirs of petroleum oil. Wires thus laid are 
stated to bo free from inductive influence upon each other, and to afford good communication for 
the telephone. Underground wires are usually multiple core cables, bound together by a shcatlung, 
and laid in a trough or ditch. 

The next stage of preparing a cable to that of insulating the conductor is to protect the core 
with a covering of hemp. The hemp serves generally as a pad to a sheathing of iron wires, which 
are again served with asphalto in some cases. Given the area of section of the cable filled with 
hemp and asphalte, it is usual to ascertain the weights required of each material required for a knot 
of cable from tables similar to 111. and lY. 


Table III. — Abea of Section inside Iron Sheathing. 


No. 

a 

! No. 

a j 

No. 

a 

No. 

a 

3 

0*04031 

■1 

4*55262 

17 

16*84500 

24 

36*94514 

4 

0*21460 


5*83145 

18 

19*23759 

25 

40-44176 

5 

0*54238 


7*26916 

19 

21*78931 

26 

44-10753 

6 

1*02728 

■a 

8-86608 

20 

24*50018 

27 

47-93245 

7 

1*67041 

14 

10*62211 

21 

27*37019 

28 

51-91656 

8 

2*47223 

15 

12*53727 

: 22 

30*59935 

29 

56-05978 

9 

8*43292 

16 

14*61157 

' 23 

1 

33*58768 

30 

60-36216 


Area of section inside iron sheathing = d* x a, where a is constant of single wire corresponding 
to the number of wires. 


Table IV.— Areas for Asphalte Casinos. 


No. 

k 

No. 

k 

No. 

fc 1 

No. 

k 

8 

2*396506 

H 

12*406509 

17 

30*196771 

24 

65*784694 

4 

8*356194 

■9 

14*470727 

18 

■ 33-374760 

25 

CO -070713 

5 

4*469373 


16*693936 

19 

36*711869 

26 

64*527882 

6 

6*739672 

■9 

19*076255 

20 

40*208138 

27 

69*138201 

7 

7*168203 

mm 

21*617684 

21 

43*868537 

28 

73*907700 

8 

8*766420 

15 

24*818243 

22 

47*678106 

29 

78*836319 

9 

10*501509 

16 

27*177942 

23 

51*651835 

30 

88*024098 
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To obtain the sectional area of the space iudnded between the core and a single row of sheathing 
wires, multiply the square of the diameter of the wire, in any measure in which it is desired that 
the result shall be, ^ 0*7854: and by tlio constant a. Table III., corresponding to the number of wires 
in the sheathing, from this must be subtracted the product of the square of the diameter of the 

core, in the same measure, multiplied by ~ or *7854. 

To obtain the sectional area between two layers of iron sheathing, in double sheathing, calcu- 
late as before for the outer circle of wires, and from the result subtract tiie product of the square of 
the diameter of a single wire of the inner circle into 0*7854, and into the constant k, taken for the 
corresponding number of wires in Table IV. 

Then, as 1 cwt. of Italian or Russian hemp occupies 4928 cub. in., and as there ore 73,044 cub. in, 

73 044 

a knot length of 1 in. sectional area, — or 14*822 will be the constant by which the sec- 

tional area in inches is to bo multiplied to give the weight in a knot, in cwts., of Italian or Russian 
hemp required. The constant fox tarred hemp is 21*038, and for Manilla, 15*528. If the area is 
taken in square millimetres, the constant to reduce to owts. a kuot is for 


Italian or Russian hemp 
Tarred „ „ 

Manilla „ „ 


*0230 

•8260 

•0241 


If the area is in square millimetres, and the weight is required in kilogrammes a knot, the con- 
stant for Italian hemp is 1*1685 ; tarred hemp, 1*6261 ; Manilla, 1*2243. 

The weight of asplialto required to case a knot of core to a given outer diameter, may bo 
obtained, in cwts., from the sectional area in inches by multiplying by 36. If the area is in 
millimetres, the constant for cwts. a knot will bo *(>558, and for kilogrammes a knot 3*3928. The 
asplialto area is obtained by deducting from the square of the ouhu* diameter multiplied by *78.54, 
the square of the diameter of a single sheathing wire multiplied by the constant in Table IV., 
corresponding to the number of wires. These and the preoeding constants will decide the weight or 
dimensions of any ordinary core or cable. 

Laiul Line Construction. — In the construction of an overland line of tclegmph, the practice will 
always vary witli the country through which the wire passes, and will l>e regulated by the cost of 
transport of the poles and other materials. But the suspension of the wire*, involves fixed principles, 
when the breaking strain is known. If T is the breaking strain of the wire, w the weiglit of unit 

of length of tho wire, Ij the length of wire that itself can support without breaking, thou Jj — 

is a constant for the same kind and quality of wire, depending only upon th(< unit of length 
adopted. With ordinary soft iron telegraph wire L = 3*3 miles. If i is the working strain of the 
wire, I the length of the wire whose weight is equal to its working strain, aud z the factor of safety, 
T JLi t 

so that t = — and / = — j then / = - . When z ^ I = 4400 ft. for soft iron wire. All telegrai>h 
z z w 


wires are sus^Kinded with a certain dij) or sag, which practically is in feet 



2 


X 2*56, where a 


is the span in yards. For the maximum working span the dip should be 


a 


3 * 


Table V., in a<hlition to that at p. 2987 of this Dictionary, is of service when dealing with iron 
wire, it being premised that the resistance a mile of No. 1 is about 5 ohms at 80"^ Fahr. 


Table V. — Ikon Wire. 


B. W.G. 

Diameter 
in inebes. 

Weight 
a Yard 
in Pounds. 

Breaking Ratio of 

Strain of Soft Resistance to 
iron Wire In , that of No. 1 
Pounds. Wire. 

1b.w.g. 

i 

Diameter 
iu inches. 

Weight 
a Yard 
iu Pounds. 

Breaking 
Strain of Soft 
Iron Wire in 
Pounds. 

Ratio of 
Rcslstaiico to 
that of No, 1 
Wire. 

1 

0-300 

0*6875 

4000 

1*000 

9i 

0*149 

0*1704 


4*054 

2 

0*280 

0-5990 

3400 

1*148 

10 

0-140 

0*1497 


4-592 

3 

0*260 

0*5165 

2900 

1*331 

11 

0*125 

0-1195 


5*760 

3i 

0*250 

0*4800 

2700 

1-440 

12 

0*110 

0*0924 


7*438 

4 

0*240 

0*4400 

2500 

1*562 

12i 

0*105 

0*0852 

450 

8-163 

5 

0*2*20 

0*3700 

2200 

1*860 

13 

0*095 

0*0705 

400 

9*972 

5i 

0*210 

0*3409 

2000 

2*041 

14 

0*085 

0*0551 

350 

12-4.57 

6 

0*200 

0-.3056 

1800 

2*250 

15 

0*075 1 

0*0429 

300 

16 000 

7 

0*185 

0*2615 

1520 

2*630 

16 

0*065 

0*0322 

200 

18*367 

8 

0*170 

0*2210 

1200 

3*114 

17 

0*057 

0*0284 

150 

21*302 

9 

0*155 

0*1836 

950 

i 

3*746 


i 





In any straight lino the whole vertical pressure on the supports is equal to the whole weight of 
the wire on the line. When the supports are on the same level, and the sjians are equal, the 
vertical pressure on any one support is equal to the weight of wire in one span. In erecting a line 
in which the wire is not fastened at each insulator, the case is ouo of a chord passing over sraootli 
pulleys, and the strains along the wire on op|)osite sides of the support are always equal. The 





ELECTBIOAL ENGINEEEING. 


541 


resultant horizontal strain, if any, is P = (cos. i — cos. i'), where t and t' aro the angles made by 
the horizon on opposite sides of the support. If the supports are on the same level, and the spans 
equal, then the angles will be equal and the resultant horizontal strain nil. If the supports are 
nut on the same level, tbo distance these are to be set apart, in order that % equals s', may be cal- 
culated. 

B. S. Brough has given the following formulas for the strain at angles. Let 6 be the angle con- 
tained by the wire and ^ the supplement of this angle, R the resultant strain due to the wire is 


Q A ————— — — . 

2 t cos. - ,or 2 ^ sin. ^ < V 2 (1— cos. <f>). By these formulas the maximum angle admissible with 

2 2 

an insulator of given strength when employed to support a wire of given weight can be calculated, 
R 

thus = 2 sin. - — • If a radius of 57 ‘ 3 ft. is measured from the bottom of the post, the number 

2 1 


of feet in the chord will give the number of degrees in the angle with sufficient accuracy. 

The horizontal pull on a terminal insulator due to the wire is P = t cos. t. The value of t has 

been given as = - . 

The strength of a post depends on the form of its cross section and upon the material. 
If P be the resultant strain at right angles to tlie post, duo to whatever cause, and A be the 
height of the centre of pressure above the ground line, the stjength m required at the ground 


line must be not loss than P x A. If z is the factor of safety, then — = P. A, If d is the depth 


in tho direction of the strain, and b the width of the post at right angles to tlie strain, generally 
f f 

m = k bd^ for solid posts ; rn = A* I)® — h cP) for hollow posts of uniform thickness, where k 

is a coefficient for cross section, and / for materials. For squares and cross angles, A = For 

ellipses and circles, A - = — — . In the case of thin hollow posts, m = 2 /: ./. . D (D -f- 3 B), 

o2 1(1 

whore t is the thickness of material. In the Indian Telegraph Department tho following values 
arc adopted for /, as given by Clark and by Rankine ; — 

Foot tons a 


sq. in. 

WroxtijAt Iron : Solid bars and circular welded tubes 18 to 20 

Circular riveted tubes of plate iron, with transverse 

joints, double riveted .. 13 

Plate beams IS 

Cast Iron : Rolid bars 13 

Tubes 11 

WiMjd: Fir, Red pine 3 to 4 

,, Spruce .. .. ,. 4 M o 

„ Larch 2 „ 4 

„ Teak 0 ,t 0 


If a post is to be of uniform strength throughout, the following may bo the proportions. Let 
X bo the depth of tho post in tho direction of tlie strain at the grouiitl line, b its width at right 

f X 

angles to the strain, d its depth at the top, then P x /t, as before, = ?c , ^ h x®, d ~ ~ the 

X jL 

3 

brea<lth b is constant ; d = - j? if the breadth varies with Xy for solid posts. For thin hollow posts 

A 

of uniform thickness, PA = 2 (a? -f 3 B). 

d = if B is constant ; d = - if B varies with x . 

2 j; -b d Z 

When a post is insufficiently supported by its own rigidity, it is stayed to the ground or strutted 

to another post. The resultant moment at tho ground lino is m* = P . A . , where P is the 

sec. a 

horizontal strain upon tho post, and A tlie height above tlie ground at which P is applied, 
and a the axle of slope, if any, of the post, away from tlm directions of the stmin. The stay 
should always be fixed in the piano in which the resultant strain is to be met. If tlie resultant 
strain in one direction is R and in anotlier S, making an angle <t> with the former direction, and tho 
total roBultaut strain T, which makes an angle 6 with the first direction, then 

T* = R® + S* + 2 R S cos. ; and sin. 0 — — sin. <f>. 


Ttdograph lines in exposed situations must be constriictt^d with allowance for the pressure of 
prevailing winds. A safe maximum wind pressure to he allowed for is .^>0 lb. on the square foot. 
The pressure on a semicircular surface is practically three-fourths of that on a flat surface at right 
angles to the current, although theoretically it is only two-thirds. The strain on the wire at tho 
insulator from this cause is nearly 

s® ^ fP -f- P 
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where s is the length of span, u weight of wire for a unit of length, and t the pressure for the same 
unit. If r is the original strain, then this new strain is 


In 100 yards span, changes of temperature of 6° F. will cause the dip to vary about 1 in. The 
following dips in feet are calculated to be used safely with the corresponding spans in feet at 
quarter breaking strain of soft iron wire. 


Table VI. — ^Dip op Soft Ibon Wire at Quarter BREAKiNa Strain. 


Span. 

Dip. 

Span. 

Dip. 

1 Span. , 

Dip. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

225 

1*33 

1050 

31-59 

2100 

129-81 

240 

1*64 

1125 

36-31 

! 2175 

139*56 

264 

1*98 

1200 

41-36 

2250 

149*78 

300 

2-56 

1275 

46-76 

2325 

160*40 

,330 

3-10 

1350 

52 -SJ 

2400 

171 -43 

375 

4*00 

1425 

58-60 

2475 

182*95 

450 

5*76 

1500 

65-04 

2550 

i 194*80 

525 

7*85 

1575 

71*62 

2625 

207*13 

COO 

10-26 

1650 

79*00 

2700 

219-50 

675 

13-00 

1725 

86*52 

2775 

233*20 

750 

16*05 

1800 

94*41 

2850 

247*00 

825 

19-44 

1 1875 

102-67 

2925 

261*20 

900 

23-15 

1950 

111-31 

3000 

276-00 

975 

27-20 

2025 

120-83 




If steel or hard iron wire is used, the dip will be inversely proportional to the breaking strain. 
In the Indian Telegraph Department, the unit is taken for iron wire at 25 Ih. a mile, and the 
number n of the wire is found by dividing the weight of a mile in pounds by 25, orn = * 05 W, 

where W is the weight of a mile in pounds. The diameter of the wire in inches is = 

23 '5 

*0425 s/n, and its sectional area is *0014194 w. The resistance at SO'^, the standard temperature 
for India, is iu ohms a mile ; and the breaking strain in pounds is 83*3 w, or 3^ W. 


The strain on a terminal insulator in pounds is 21 n; and on an angle insulator 42n sin.^^ 

whore ^ is the supplement of the contained angle. The number of miles to a ton of wire is — 

n 


4*25 

and to a cwt. . These units ore easily adax^tablo to any other system. 

Suhjnersion of Submarine Cables . — The method of laying submarine cables has been described in 
this Dictionary under the head of Telegraphy. Although some modiheations in machinery for 
laying cables and for picking them up have boon introduced on cable ships, these do not call for 
description, and ore of that nature which the exigencies of the case have required. 

When coiling a cable on board ship, a length of about 40 fathoms is loft out for splicing on to 
any other length of cable. The cable is then passed into the tank, and the coiling is commenced 
from the outside towards the cone of the tank. The cable is then returned across the flake to the 
outside of the tank. At every mile, a mile mark is tied on to the cable, and consists usually of 
a piece of punched guttapercha. The position of a joint in the core is marked by red paint on the 
outside of the cable. Water is run into the tank as the cable is coiled away, and kept to tho level 
of the working flake. The second flake from tho bottom of the tank is usually marked to call 
attention for preparing to change tanks. CJompounded cables have every flake whitewashed to 
prevent sticking. When tanks are to be changed, the transition from one tank to another is 
eflected in the following manner ; — When about a mile from the bight or what was the bottom end 
of the coil in the tank, but which has been spliced to the running end of tho next tank, all hands 
are called to work, the speed of the vessel is decreased, and the weight taken off the brake of the 
drum. When about ten turns of cable are left in the tank, the cable is laid in the trough leading to 
the next tank. In picking up from a buoy, the vessel advances stem on to the buoy and lowers a boat. 
After removing the flag and the staff from the buoy, a chain is run from the steamer to the buoy 
chain, and a second rope to the buoy itself. The chain is curried to the picking-up machinery, 
generally a powerful steam winch, and the cable hauled in. During the hauling in of a cable from 
deep water, the strain is frequently sufficient to give an indicated length of 3 per cent, more than 
that recorded during manufacture or paying out. The paying-out gear and picking-up drum should 
be in line with each other, so that when it is required to work from the stern, the power of the 
picking-up winch can be utilized forward. 

In picking up, the strain on the mpnel rope may be calculated from the following formula ; — 
T is the strain on the grapnel, ada t the strain on the cable when raised through the height h 
from the bottom of the sea, 2 A is the length of the cable raised, 2 x tho horizontal projection, and 
V the weight in water of one foot of cable ; then 
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If g is tho ratio of slack to length paid out ; g = — — 1, and A = (g + !)>. 


grapnel T ^2 x k ^ 2vh , 
The strain on the cable, 


1-fg 

VgM^ 


t = 


T 


a+g)» 

2 sin. <p h ’ g® + 2 g * 


The strain on the 


■whore <> is the angle of the sides of the bight. If the cable end is sufficiently free to slide on the 
bottom, g becomes infinite, and T = 2 1? A, or < = » A. If the end of the bight wore absolutely fixed, 
the other limit of tho strain would be obtained. With a cable haying a weight of 1 ton a knot or 
a weight in water of about 0*001 ton, tho following arc the multipliers of the height h ; — 

With the slack g of 1 cent. 2 per cent. 6 per cent. 10 per cent. 

The strain T on the grapnel is 0*0142 0*0102 0*0064 0*4048 

„ t „ cable is 0*0504 0*0260 0*0102 0*0058 


A cable of 3J tons, paid out with 5* per cent, of slack, raised from 150 fathoms, would give a 
strain upon tho grapnel of 3*5 x 150 x *0064 = 3*36 tons. 

A length of cable, hanging vertically in water, which it can itself support before breaking, is the 
measure or modulus of tenacity of the cable. In practice it is considered perfectly safe to lay tlio 
cable in a depth equal to one-third that giving the breaking strain. This allowance does not take into 
account accidental increase by friction, or by the paying-out m^hinery, or from the pitching of the 
ship, nor does it provide for the greatly increased strain that will occur. if it is required to pick up. 
It is not advisaole to lay the cable in a depth exceeding -^5 of the modulus. Maximum of 
strength, with low specific gravity, are, for evident reasons, essential properties in a good cable. 
Tho strength of the cable depends upon the dimensions of the iron covering to a far greater extent 
than upon the core, and the strength of tho cable is probably not increased by using a quantity of 
hemp, although trials with hemp-covered wire seem to prove, that the breaking strain of the cable 
may bo considered equal to that of good hemp and iron combined. ^ Increasing the quantity of 
hemp gives tho cable lower specific gravity and larger volume, diminishing the strain during 
submersion, and causing the cable to sink slower by exposure to a greater resistance of water, 

A cable weighing v lb. a foot in water, and lb. in air, will sink vertically in water with a 
velocity A, and this velocity will be determined by t? = c A* or t?* = A*, c and a are constants of 

tho resistance of tho water to displacement, and of the resistance of the water on the cable, which 
may amount to 80 lb. a knot. The velocity at which tho cable will sink can be approximated, by 
supposing the vessel to move with uniform speed A*. through a horizontal space A B in a unit of 
time, and that during this time the cable moves through tho water parallel to its starting position 
a corresponding distance. The velocity of sinking will be represented by a line falling vertically 
from A upon the second parallel. I<.et the angle that the cable makes with the surface = 4>. The 
resistance of tho water at right angles to the cable is for each foot = c d sin. 2 <f>, where d is the 
diameter of the cable. If tlic speed of the ship is A*, the angle of immersion will be determined by 
A* t sin. 4>. The angle of immersion is directly as tlie velocity of sinking and inversely as the 
velocity of the ship. Cables liavo been paid out at a rate of eight knots an hour, but this high 
speed prevents the vessel from being quickly stopped in case of kinks or breaks, and five to six knots 
is a better speed. 

Tho strain t on tho cable during submersion, whore the cable enters tho water, and when there 
is no tension* on tho cable at tho bottom, is equal to the longitudinal component of tho weight of 
the cable, diminished by the resistance offered by friction, and this strain has to be counterbalanced by 
the brake on board ship. I^et / bo the depth of water in fathoms, p the weight in water of 1 foot 
of cable in lb., A the velocity with which the cable leaves the ship in feet a second, <f> angle of 
immersion, A coefficient of friction = 0*007 diameter of cable. 0*06 is tho factor for reduction when 
fathoms and cwts. arc used. 

f 

The weight of tho cablo is r /, and tlie component along the cable v I sin. ^ = v Ty = v/. The 


friction on tlie cablo is 


The strain t is therefore, 


* • ( n “ • 

sm. ib \A* / 


— A . A' — cos. 4>\\ 

* = 0 06/( A_ J) 


This strain, however, may bo increased by the inertia of the paying-out drum to 10 cwt., when 
tho ship is rolling in heavy weather. When the ship remains stationary the strain t will be equal 
to the weight of the cable hanging vertically from the ship to the bottom. This maximum strain 
may bo approximate where the cable is paid out without slack. The strain on the cable is 
necessarily directly as the specific gravity of the cable, and in inverse ratio to the angle of immer- 
sion, so that by reducing the angle of immersion, or by giving the ship greater speed, the strain will 
increase, and the cable is liable to break; but, on the other liand, by increasing the angle the strain 
is diminished within the limits of a proper amount of slack. Too mudi slack will cause kinks in 
the cable, besldos being wasteful. The laying of the cable with strain is not for economy, but to 
overcome the resistance of the water against the sinking of the cable, and to lay it wi^out tension 
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in the bottom of the sea. The slack is directly proportional to the amount with which the weight 
of the cable hanging vertically exceeds the brake force, and is inversely proportional to the square 
of the speed of the ship, if a correct amount of slack is being paid out, the stradn on the 
dynan)ometer increased by, say 1 cwt., should have no effect upon the number of revolutions of the 
paying-out drum ; but such rough rules are hardly to be depended upon. 

EU 'ctrical Testing , — This subject divides itself under two heads, factory testing, and the testing of a 
laid or suspended wire. The latter again includes testing periodically, for the purpose of ascertaining 
whether the line maintains a normal condition, and testing to ascertain the position of a fault, when 
communication is partially or wholly interrupted. Factory tests are always the most exact and 
searching of all tests to which a line is subjected, for the reason that it is easy to repair a fault in 
the factory, whereas, in the constructed line, the repair might involve an outlay that would form no 
inconsiderable fraction of the whole cost. Suspended lines, when constructed of iron wire, are 
generally tested for strength before leaving the factory, and are only occasionally sampled to be put 
under test for conductivity. When the line wire is to be a compound wire, having a steel core 
covered with copper, every coil is tested for conductivity; and this is necessary, because the 
annealing of the copper strip forms a non-conductive coating, liable to absorb sulphur or gas, 
which again reduces the conductivity. Whatever may be the cause of the reduction of the 
conductivity of the copper strip, after its passiige through the annealing furnace, this reduction is 
very marked, and it frequently occurs that whore the furnace is defective, the strip loses so much 
pf its conductivity as to become unfit for use. Generally the metal becomes at the same time 
brittle. Some manufacturers rely upon a tensile test only, and omit the conductivity tost for the 
copper strip, but this increases risk as the absorption by heated copper of a very small percentage 
of arsenic or arsenical vapour, will reduce the conductivity of the metal 28 to 40 per cent. 
Compound wire is also generally tested in samples when tinned, and when ready to be sent from 
the works. 

The only other electrical test applied to materials for land lines is to the insulators. These are 
placet! inverted in a shallow tank containing water, which reaches only to the rim of the cup t)f tho 
insulator ; water is filled into tho cup nearly to the rim, and the rim is dried by a gas flame, or, 
preferably, by a heated metal surface. One polo of a powerful battery is connticted to tho water iu 
tho tank, tho other iwle beitig attached to a galvanometer, usually ot the reflecting class. A Imd 
is taken from the galvanometer, and dipped by workman into each iiibido of tho cup of the 
insulators in succession. 

The inspector watching the light on the galvanometer scale rejects tliosc insulators that allow 
of tho indication of a current. Although other methods have been t)ropo.sod for testing insulators, 
this original plan is only in use, and its manipulation requires but little skill, and is rapid. 

It frequently hap[>cns tiiat the engineer, in the charge of a section of line, has to test a few 
insulators before these are put up to nplaco those that have become defective, and has not a 
I)owerful battery at his command. In that case the edges of the insulator carefully 
I)arafiined or oiled, and a condenser is arranged to be discharged through it in a cerhiiii tiiru‘. If 
there is no appreciable loss of charge in two minutes, the insulator may always be passeil fis 
perfect. 

Th(3 testing of materials for underground and submarine lines is conducted with very much 
greater care than in tho case of materials for land lines. From every hnn<lle of copper wire a 
certain length is mojisured otf, weighc<l, and its conductivity carefully ascerUiined. The conduc- 
tivity of copp(?r wire is usually, in England and America, stated in terms of tho conductivity of a 
standard wire weighing one grain a foot. 

In earlier underground and submarine lines 80 per cent, was adopted ns a rcasonahle standard, 
hut owing to the great improvement otFected iu the preimration of this metal for telegraphic use, 
the standard has been so much increased as to bring al)out the apparent anomaly f>f wires having 
a higher conductivity than pur<j copper, or more than 100 p(‘r cent. This arises from tlie improve- 
ment eflected upon the earlier standard adopted, and that it is more convenient to maintain that 
standard than to introduce a new one. 'Whore a large quantity of wire has to bo tt sterl for con- 
ductivity, it is more convenient to construct a Wheatstone bridge, Imving a metre or yard of th(‘ wire 
of known conductivity in one of the arms, than to measure each .sample of wire against a resistanee 
coil. In all measurements of this character it is necessary that the standard wire, or resistance coil, 
should be of copper to avoid tcmpcirature effects. It is advantageous, also, to construct the parts of 
the bridge of unlacqucred copj>er. On the Continent mercury is adopted as a standard, and as this 
metal is very casil)' obtained in a state of purity, its use would have an advantage, if it w’cre not 
for the Peltier or temperature effect, introduced by the metallic difference in tluj staudard ami tlio 
tost wire. 

A rod of pure copper 1 m. length and 1 sq. mm. in section weighs nearly 8*05 grammf s ; its 
resistance is 1*01042 ohm, at 0® C., increasing or decreasing 0*088 ]>er cent, for each degree of 
temperature. The resistance of a rod of pure copper of one metre length, and W( igldiig 1 gramme, 
is 0*14677 ohm, at O'’ C. TliC weight a knot of a telegraphic pure copper wire is 18,4:10, d®, d 
being taken in decimals of an inch ; consequently the diameter of a imre copper wire weighing 
V) lb. a knot is fjw mils, or thousandths of an inch. The resistance of a knot of pure copper 

1192*45 1250*4 

wire weighing w lb. is ohms, or Siemens units, at 75*^ F. 

^ w w 

After the copper wire is tested for conductivity, it usually lias to bo stranded, and sometimes 
the strand is covered with a wash of Chatterton's compound before being stmt to the covering shop. 
It tends to prevent waste of material, if tho strand is tested for conductivity before it is cxiveretl, 
for the rcjason that in stranding wire, the single wires are liable to be elongated in the siranding 
machine, and although this elongation is usually more than compensatetl for in tlie unit length, 
by tho extra wire of the helical lay, it occasionally happens, and especially with strands of 
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numerous wires, that, because of the elongation, the strand does not come up to the standard of 
the single wire. 

During the subsequent stages of covering the wire with guttapercha or indiarubber, or other 
insulating materials, constant and careful tests should be made as to resistance, and these tests 
compared, after reduction to a uniform temperature, in order tliat any increase of resistance may be 
observed. One advantage of a careful reduction of all the resistance measuromentr^, made with cable 
intended for a submarine line, is that when the cable is coiled on board ship, its temperature in 
the tanks may be easily ascertained from its copper resistance, and increase of temperature, that 
would deteriorate the insulator, be provided for. To correct the resistance of any wire for tempera- 
ture, where t is the lower and t' the higher temperature, K the rosietance at the temperature and 
B' the resistance of the temperature B' = (1 + (t' — t) a) B, for degrees 0. ; where a is a constant 
depending upon the metal, usually 0*288 for copper. 

The resistance of a knot of copper wire at 75® P. multiplied by 0*5214 will give a resistance 
of a kilometre of the same wire at a temperature of 15® O. ; and conversely the resistance of the 
kilometre of copper wire at a temperature of 15® O. multiplied by 1*0170, will give the resistance 
of a knot of the same wire at 76® F. 

In measuring the conductivity of a core, as a covered wire is termed in a factory, it 
frequently happens that the measurements made with the zinc current and with the copper current 
ditit r slightly. Wliere the difference is small and W is the reading with the positive current, and 
to the reading with the negative current, flowing towards the branches of the bridge a and 6, the 
. . ^ , b w + W 

true resistance r, will be r = - . — - — • 

a 2 


If the ditforonco is greater, which should not occur with a perfect core, the true resistance is 

_i — i where N = — • 

a\2 2J iu-4-W4-« 

Although in testing a core, the incroiisc of resistance of the conductor is generally regarded as 
indicating that some strain has occuiTed, before the conductor has been stranded or covered, it is not 
to bo assumed that decrease of resistance is not an indication of deterioration in the core. A very 


minute fault in tlie insulating covering will cause the c<»ppor resistance, as measured ou the bridge 
when au earth conductor is used, to ap}>ear to be less than the true resistance. 

In the factory, besides the measure of the conductivity of copper for core work, part of the 
business is the measurement of resistance of coils of silk-covered wire, that are intended to be used 


ill resistance coils, or for electro-magnets. As the coils in a resistance box are always double 
wound, there is no liability to error in their measurement in the ordinary manner ; but when the 
resistance of a coil of wire, wound as an electro-magnet, is to be ascertained, considerable error is 
sometimes caused by the neglect to observe that the coil, when it becomes a magnet, under the 


influence of tlio measuring current, has an effect upon Uie needle of the galvanometer. An error is 
very often introduced at stations, by the neglc'Ct of observing this effect when measuring the 
resistance of the coil of a relay, for as it is uiiadvisable to remove the iron cores fro ii the magnets, 
the extra current discharge, up(»n breaking circuit in the bridge, is sufiicLeat to demagnetize the 
galvanometer needle, or, if not to completely demagnetize it, sufficient to cause appreciable 
alteration of its magnetic moment. Coils of this character should always be short circuited with a 


thick piece of wire, before and whilst the circuit is broken. This discharge shouM also receive 


careful attention, in measuring copper resistance by deflection on laiitl wires through the relay, as 
the extra current on the breaking of tlie circuit, is liable to spring from one convolution to another 
in the fine wire of the reflecting galvanometer. 

It is frequently advantageous to be able to calculate the length, and therefrom the resistance of 


wire coiled on a circular bobbin. 


The length is L = (A* 


a*), where d is the diameter of the 


wire, including the silk covering, b the length of the bobbin less the thickness of the cheeks, A the 
outer diameter, and a the inner diameter of the bobbin. 

Copper resistances of ordinary lines are usually measured on the bridge, but ou long cables 
subject to earth currents, bridge measureraeuts are very difticult to manage, and require the operator 
to have some experience of the strength of the earth currents and the line he is testing, in order 
that ids test may be accurate. Many very exact and complicateil methods liavo been proposed for 
eliminating the effect of the electro-motive torco of the earth currents, but as this electro-motive 
force is variable, the better plan is to include its variations in a series of measurements, an<l to take 
the mean of a series in which the electro-motive force is opposed to the con^tant one of the battery. 
This method was first introduced by W, Thomson, and consists practically in observing every 
half minute, for say half an hour, tlie deflections obtained on a galvanometer from the current of a 
ooDstant battery, when passed through the cable conductor, the distant end of the cable being to 
earth. The battery pole is reversed and the observations repeated at the same intervals for an 
equal length of time. A resistance coil of somewhat similar resistance is then substituted the 
cable conductor, and a deflection observed with a positive and with a negative current, this serving 
as the proportionate standard for the reduction obtained with the cable. 

More accurate than to take the arithmetical mean of the cable observations is to employ the 


following formula, which gives the true or geometric mean, when tlio positive or negative currents 
yield different results. If B Ikb the resistance for the use of one pole of the battery, and r the 
resistance observed with the other, in eaoli of the two corresponding measurements, the true resist- 
ance is = 2 , It has been proposed to use the cable, when strongly affected with earth 

Jtt -f- 

currents, as a battery, and to measure its internal resistance by the method proposed by 0. Maxwell, 
but storms of earth currents are rarely of so long duration, in sufficient intensity, as to render tliis 
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expedient necessnry. The delicacy of the operation is likely to introduce greater error than that 
arising with tlio direct method just described. 

Whether measuring copper resistance of core or cable, the effect of inductive charge and dis- 
cliarge upon the golvanomtter necnilo must be carefiilly avoided, and the galvanometer circuit 
shouhl always remain short circuited for a few instants after tho battery circuit, and should bo 
that first closed. 

The testing of core and cable includes two other measurements besides that of copper resistance. 
These arc to ascertain tho insulation resistance, and the inductive capacity. Insulation resistance 
is the resistance offered by the insulating material, or dielectric, to tl»e es^pe of current from tho 
conductor, anti its measurement is effected, in the factory, by placing tho core or cable under water. 
One of the ends of the core is carefully insulated by being raised about 2 yards out of the water. 
This end is cut ; about 1 in. of tho end of the conductor is laid bare and tho dielectric tapered 
down. Tlie cut part of the dielectric and the bared conductor are then paraffined, and tho oial 
carefully suspended, generally on an indiarubber band, to keep the conductor from any surrounding 
earth connection. Tlie coils for testing in the factory are thus prepared by the tank men, and when 
the electrician takes them under tost, the remaining end is connected to a well insulated lead from 
the testing room. Tliese leads are connected to a galvanometer, which is also connected to one 
pole of a powerful battery, and the other jiole put to earth. The galvanometer being short 
circuited, the battery circuit is established, and. at the end of half a minute, the short circuit is 
removed from the galvanometer, and the deflection, when steady, read off. The defiection 
gra<lually decreases, and readings are taken at the end of every minute, for a period of five or seven 
minutes. Tho galvanometer is then short circuited, the battery polos reversed, and the operation 
repeated. The operator ascertains what is the deflection obtained with tho same battery when a 
known resistance of a million ohms is substituted for the coil ; the resistance of the insulation in 
megohms or millions of olims is then calculated from the following formula, 

(^>'> 

where i is the length in knots, d tho deflection with the battery and known resistance of R 
millions units, and </' the deflection with the cores, «/ being the galvanometer and « shunt resistance. 

(U ^0 termed the constant of the galvanometer, and is usually ascertained by each 

ojKjrat<»r when ho comes on duty for the dny. 

In making measurements of this constant, the battery should not be allowed to bo too long in 
circuit ith the standard coils, because the intense current causes them to be(y)mc heated, to alter 
in resistance, and tho measurement to bo inaccurate. 

The deflection has been stated to decrease during the five or seven minutes* test ; this decrease 
of deflection is due to the phenomenon of electrification or eleetric absorption, in which tho 
dielectric seems to souk up tho electric current. Ther)ries have l)cen brought forward in explanation 
of this plienomenon, but whatever its cause, it affords the tt legraph engineer early indication of a 
minute fault, otherwise unobservable. Sliould tlic readings of the insulation resistance between tho 
first and second minutes not show the usual difference, the coil should always be. reserved for future 
independent testing, as it is almost certain that there is a minute fault. This fault may be brok^'ii 
down by rapid reversals of the current from a powerful battery continued for some hours, preferably 
when the coil is immersed iu water at 75^ F. ; or it may Ix) tested for with an t h etmmeter. A 
comparison thus made with guttaixjrcha cores, between the first and second minute reading, will 
give as valuable an indication of the state of tho core as the actual measured rcsistauco, wiiicli is 
only resistance at the i)articular instant of measurement. 

As there arc usually several operators working at one time in the testing room, it is necessnry 
to arrange the instruments so that tho magnetism of one does not affect that of the other, anil 
espcoially so that the charge of one lead shall not cause* an induced current in the adjacent lends. 
To prevent this latter interference, the leads are placed in zinc pipes, and the.se pipes arc main- 
tained in good eonnection with the earth. Tho testing room should be situate as far as possible 
from any moving machinery, as well as from the proximity of large masses of iron, such as the 
tanks. 

W hen the coil is so short as to render its insulation resistance sufficient to reduce the deflection 
on the galvanometer scale to 20 degrees, the measurement should be by loss of charge. The coil 
should be charged, then discharged immediately, then charged again, and di.'icharged after t 
seconds, the capacity 8 being ascertained in microfarads by the method to be presently described. 
The insulation resistance I in megohms may be ascertained from the following formula, where C is 

the immediate discharge, and c that observed after t seconds I =0*4343 — ^ . 

Slog.ii' 

c 

The insulation resistance of a condenser is usually measured in this way, and the principle is 
that leakage of a certain amount of current from a condeiisor, whether in the form of plates or core 
in a given time, alw^s proceeds logarithmically or at compound interest rate. ’ 

Line Testing and Testing for /W/s.— Line testing is usually, oven on the chief cables, considered 
of small moment, and is too often conducted in a iierfunotory manner. That a telegraph line should 
be frequently and accurately tested is essential, not alone because this course may prevent total 
iiiterrui)tion, l>ut that when a fault occurs the location may be stated with greater certainty With 
a properly arranged testing board, the te^ts for conductivity and insulation are very quickly and 
( usily made in the* manner described in the iireccding section. ^ 
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In line testing tliere may be distinguished the measured circuit resistance, including instruments 
O, the measured conductor resistance H, ami the measured insulation resistance 1. L. Schwendler 
has pointed out that all the faults in a line resolve themselves into a resultant fault, and that if JL 
is the true conduction resistance of whole line, £ the true insulation resistance, and / the true 
conduction resistance up to the resultant fault, r the true resistance of receiving instrument at 
distant station. 


• = x/ 


(1 — G) I — c) r 
C~c 


li = I + O and I = 1 - >. 

G — c 


j should bo positive and less than unity. While / = i = \/j (I — c), L = 2 (I — *) ; and 

— sliould bo equal to r. 

I— U 

If the lino is n miles in length, the insulation for a single mile is wt. And if m is the reduced 

length of the lino in terms of the standard wire, the conductor resistance will be — a mile. 

” m 


For the testing of a faulty line to localize a fault, a well-known system is that introduced by 
Blnvicr. Measurements are made with the end of the lino to earth at tlio distant station, w ; 


with the end of the line insulated at the distant station, I ; and the true conductor resistance of tlie 
lino must be known, L. The distance of the fault is then ar = to — -/a — ir) {Ij — w). Schwendlor 
gives a similar formula, where C is the measured circuit resistance, dispensing with L, 


» = i- 

C — to 


being the resistance of the receiving instrument at the distant station. 

Tin? latter formula is the more practical. This test is applicable in the case where a second 
line is not available. If a sf^cond and perfect lino is to 1x5 obtained, the test known as tlie loop-test 
is profeiable, ns it eliminates to a certain extent the error arising from the resistance of the 
fault. 

Every fault has resistance. If the line wire break and fall on the ground, the place of contact, 
unless very wet, will give considerable resistance ; and even with a suhniarine conductor ox^xised 
und(!r water, the surface is insufllcieut to afford what is technically known as a deiul earth, or earth 
without resistance. 

In the following formula for the loop- test, the accentuation of the letters gives the observed 
resistances in corre8[x>nding tests, a, ?>, are bridge branches ; tc" measured resistance with second 


line loojwd, w* without observed resistance. 
When a = 0, a? = — ^ . 


The resistance to fault x = — -■ — ^ 


In measuring the distance of a fault on a cable, the problem becomes diihoult, on account of the 
contniry clectro-raotive force set up by the sheathing and the copper conductor, the polarization of 
the broken end by the testing battery, the presence of earth currents, and the absence of a second 
wire. The following formula, which furuishes indications of the data required, is that arrived at 
after long experience by several cable electricians, and is reliable always where concordant 
measurements arc obtained. The methods of making each measurement must be determined by 
the apparatus at the electrician’s disposal, but the observations can generally be made by any of 
the methods previously described, 

TiOt X be the true resistance to the break ; R the measured resistance of cable and break ; k the 
capacity correspomling to a unit of conductor resistance, or total capacity divided by total resistance 
when fault free ; / resistance of battery ; g of galvanometer ; d the discharge deflection from cable ; 
D from condenstT of 1 unit capacity. 


x=R- + 


If the resistance of the break were nil, two-thirds of the charge would return to the charging 
end, but the occurrence is improbable. In the capacity test there will nearly always be a 
l>ermanent deflectitm, p, and if the discharge reading d is in the sam e directio n as the permanent 
deflection, the true discliarge = aJ (P ^ 2d p\ if in the opposite = a/ cP -f 2dp. 

In land line working, contacts between two lines are very troublesome to locate. Location 
is generally effected in pi-actice by instructing each station on ihe line, successively, to disconnect 
for insulation until the contact is noticed, when it must lie between the station last insulated and 
the next. Or with contacts between two linos where this practical system cannot be adopted, the 
resistance is measured with the two ends joined, u»' ; and with the distant ends insulated, w*\ 
Then 

w' — V “H 

where L’ and L" are the total, and m* and m" the mile resistance of the two wires in con- 
tact. 

If a third wire on the same route is available, one of the wires in contact can be put to earth, 
and the contact loc^alized as an earth by the loop-test, 

2 N 2 
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If the wire remains insulated at the distant end, the relation of the measured to the true 
insulation resistance of the line will afford an approximation to the locality of the break. If the 
wire is a cable conductor, and the end becomes sealed by the pressure of a falling body or other- 
wise, the measured capacity x'ill give the position of the break, but the test is unreliable. 

Speed of Transmission. — The speed ujxjn a land line of suspended wires is practically limited 
only by the condition of its insulations. On any lino, submarine or overland, the speed is inversely 
proportional to the product of conductor resistance into the electrostatic capacity. But in a sus- 
pended wire the capacity is scarcely appreciable, and the loss of current is more marked. For 
comparison the following formula will give an approximation to the capacity, in microfarads for 

a length of I miles of an overland lino, S = where d is the diameter of the wire, and 

® 24 log. 4 h 

“T 


h is the height above ground. By the use of a receiver, in which a strip of paper chemically 
prepared is employed as record, W. Thomson has seen 1200 words a minute received over *800 miles 
of actual line. 

Owing to the largo capacity of subterranean and submarine wires, the speed is incomparable 
with that of land lines, L. Clark and 11. Sabine give the speed of signalling with the mirror 

instrument, in words a minute, as n = , wliere a is a constant = 130,000,000 for guttapercha 


cables, and 176,000,000 for Hooper s cables. 

Speed is inversely as the square of the length, since both resistance and capacity havo effect 
upon speed, and involve length in each case. Tlie speed of the Morse recorder is about one- 
fifteenm that of Thomson’s mirror, but the practical limit of Morse working is 300 miles of ordi- 
nary cable. In Morse working a dot, apart from cable effect, takes *27 second at fifteen words a 
minute. 

Expedients have been adopted, described under the head of duplex telegraphy, for increasing 
speed by neutralizing the discharge of the wires, but these cannot affect the speed in the wire 
itself. With a line or cable slightly faulty in insulation, artificial leakages apparently increase tho 
speed, by rediieing the discharges, but the speed of transmission through the cable itself is reduced 
only in amount as much as the joint circuit of derivation through the fault reduces tlic total lino 
resistance. 

Miscellaneous Data for Telerjraph Testinij. — In connection with the escape of electricity, across an 
insulating sheathing, aro certain forms of integration from whicli the ordinary working formulae 
are deduced. If d a? = thickness of differential cylinder at distance x from longitudinal axis of 

cable, its resistance will bo dr = — , and the whole resi&tanoe of tho length I will be 

JiW I X \ 

1 fnif .I”!:*?, 

2rrl K Jr x 27r/A 


A being tho specific conductivity. Related to this is tho expression for the resistance to the flow of 
electricity, from a central electrode of radius p to tho peripliery of a regular polygon of n sides. 


1 

2 TTicS 



4 

3 -f cos. 



r being the radius of the inscribed circle, 5 tho thickness of the plate. 

Although insulation resistance is usually specified in megohms a knot, a mile, at a temperature 
of 75° F., or 24° C., some electricians prefer to specify, a limit to the percentage loss of current. 
The loss of current is estimated in the following manner, k is tho total conductor resistance, 
g total insulating resistance, S current sent, and K current received. 


€ \/ i 4- e — y/ - 

g ^9 

The result is independent of the length of the cable, and only dependent on the ratio of the total 
resistance of conductor and dielectric. TJie percentage of loss is 100 (1 — R). 

The capacity of a cable or subterranean wire is usually compared with that of a condenser whose 
measure in microfarads is known. Comparison is made by insulating the distant end of the cable, 
which is connected to, say, the fulcrum of a common contact key. A battery of a few elements is 
connected to, say, the back contact of the key, and the other pole of tho battery is put to earth. 
To the front contact of the key is connected one of the terminals of a galvanometer, and tho other is 
put to earth. Whilst the key is at rest on the bock contact, the cable is being charged, its outer 
coating, or tho water in which it is immersed, acting as the earth -armature of the condenser. When 
the key is depressed upon the front contact, the cable is discharged, and tho galvanometer needle is 
momentarily deflected. The throw of the needle measures the capacity of the cable, for which a 
condenser of known capacity is substituted, the tlirow with this condenser and that with the cable 
being taken as proportional. 

When a cable or coil has its distant end insulated, practically all the charge will return to the 
charging end. When a cable insulated at both ends is charged by a battery, tho potential of the 
charge will be the same at all points of its length, and if tho two ends are put simultaneously to 
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earth, the charges flowing out of them will be equal ; and as the flow is from the middle point of 
the cable towards the ends, this point will keep its potential a maximum above all other points in 
the cable length. But with a cable charged with one end to earth, the curve of the fall of potential 
will bo a parabola, two-thirds of the charge returning to the charging end. 

When a cable whose farther end is to earth, is charged by a battery whose resistance is «nin.n 
compared with the resistance of the cable, the charge it will take will be directly proportional to 
its length. If the resistance of the battery is large compared with that of the conductor, the charge 
the cable will take will be directly proportional to the square of its length. When two or more 
cables whose farther ends are to earth, are charged so that the strengths of the current flowing 
through them are the same, the charges will bo directly proportional to the square of the 
lengths. 

In the case of a wire eccentrically placed, the electrostatic capacity is 


I 


2 1og.^ 


K* -/* 
KH‘ 


where I is the specific inductive capacily, R the inner radius of the conducting sheath, R* radius 
of wire, of which R must ho a considerable multiple, / the distance between the axes of R^ and R. 

When the wire is concentric, the expression resumes the form ^ ^ previously given for the 


2 log. 


R» 


capacity. In the comparison of two condensers required for standards, where accuracy is essential, 
correction is sometimes made for tlie friction of the air against the needle during the throw ; but 
the correction is inappreciable in galvanometers of ordinary working construction. 

Tlie Thomson galvanometer is sometimes, in order to magnify the readings, removed to several 
times its usual distance from the scale. As the scale is straight, and is tangent to the arc of throw 
of tlie beam of light from the galvanometer, a correction is made use of, and C and c being the 
capacities, D and d the deflections, and z distance of mirror from scale measured in divisions of 
the scale, 

c : c :: d* - ;2) : -i- d* - z\ 


Where the toinpand deflections on a galvanometer are widely different, so that the current 
strength in one case w()uld cause the deflection to exceed the limit of reading, whilst in the 
oilier within that limit, it is usual to shuut oft' some portion of the current passing through the 
instrument, by connecting a wire or coil of required resistance between the terminals of tlie 


galvanometer. 


To reduce the current flowing through a galvanometer to its -th part, a shunt 

n 


must be inserted, the resistance of which is ^th part of g. As has been before explained, 

tiio introduction of a resistance in parallel circuit with another resistance reduces the total 
ri'bistance of the circuit. For this reason, to maintain the tctal resistance constant, and the 
flow of current the same as before the introduction of a shuut, a compensating resistance 

— 1 f/* 

must be iiut into the ciicuit whose value will be g or - where ^ is the shunt resistance. 

<7 «f s 

Tlie use of this resistance is di.-pensod with in measurement of insulation resistance and electro- 
static capacity, because the resistauces iu circuit are very huge, compared with tlie resistance that 
it would be necessary to introduce. 

In practice some slight error is avoided by selecting the shuut resistance so that the deflections 
to be conijiarod arc nearly, if not identical. 

Instead of using the shunt when comparing capacities, the battery pole, connected in the direct 
method to the key, is put to earth through a resistance. The resistance is so arranged that contact 
may be made at any part of its electrical lengtli. The points of contact arc so chosen that tho 
deflections with tlie capacities to be compared, coincide. The potentials at the two points are then 
asc'crtained, and the eapacitit s are inversely as tho })oientinls. To find the potentials at any pidnt 
of a conducting series, suppose M N tho eomliictor lengtli, and X an intermediate point. Let m 
and n be given potentials at M and N, and x the potential at X. If r bo tho resistance between M 

aiid X, r, between X and N, and R between M and N = r -p /-j, then x = — — . This is the 


principle of W. Thomson’s slide resistance and L. Clark’s slide potentometer. 

Small capacities are diflicult to measure, and can be satisfactorily treated only with a vibrating 
contact which, by maintaining the deflecliou constant, enables it more easily to be read, Tho 
contact is made to vibrate by clockwork, or a modification of Lacour’s phonic wheel, would, it 
may be suggested, yield goo<l results. Tho measurements of this description are, however, more 
fitted for th^e laboratory than the testing room. 

The only other measurement occurring in the testing room is of the specific resistance of the 
insulating material. It is necessary for the electrician in charge of the core factory to know the 
electrical qualities of the material in stock, in order that he may instruct as to the proportions of 
each quality to be used. It would appear easy to test, say, guttapercha in a small sheet of uniform 
thickness, but the delicacy of the apparatus required has undoubtedly been the hindrance to the 
introduction of such a test ; it is usual to cover a short length of wire as a sample and to test this 
sample as a coil of core. 
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From the length of a sample it is frequently nooessary to ostimato the weights in a knot of 
cablo. For this the following constants are useful;— 

Grammes a yard multiplod by 4*47317 = lb. a knot 

„ foot „ 13*41051 = 

Gniins a foot „ 0*8696 = „ 


Oz., avoirdupois, 
Grammes a metre 
„ yard 

,, metre 


380 

4*089 

5*146 

4*7038 

14*115 


grains a foot. 
„ ’ yard. 


Electrical Units. — ^Units of Resistance. — In order to compare diflbrcnt resisttincos, a standard of 
measurement is required, which is called the unit of resistance, Unfortunately, physicists have 
nc>t yet been able to agree among tliomsclves upon a common standard. Some of them have made 
use of a very thin copper wire of a certain length and sectional area, others have preferred to make 
use of wires of gold, silver, or alloys of different metals. The following are some of the principal 
units ; — 

Wheatstone’s Unit. — Wheatstone constructed, in 1840, the first instrument by means of which 
definite multiples of a resistance ufiit could be added to, or subtracted from, a given circuit at 
pleasure. The standard resistance unit was that of 1 ft. copper wire weighing 100 grs. 

Jacobi’s Unit. — Professor Jacobi, of St. Petersburg^ has suggested various utiits of clexjtrical 
resistance. The unit commonly known as Jacobi’s was 25 ft of a certain copper wire, weighing 
345 grains. 

Siemens’ Mercury Unit. — Tliis imit represents, according to the definition of W. Siemens, the 
resistance of a prism of pure mercury 1 m. long and 1 sq. mm. section, at a temperature O'’ centi- 
grade. This unit was first produced in 1860, and resistance coils of German silver wire were copied 
from it. 

, French and Swiss Units. — In the telegraph administrations of France and Switzerland, the unit 
of the resistance coils in use prior to 1867, was equivalent to tlie resista-nce of 1 kiloni. of tlio iron wire 
employed for telegraph lines of 4 mm. diameter. As no exact measurements of overhead lines are 
required, these units were neither defined nor produced with accuracy, and no standard of tempera- 
ture was given to ennhlo the units to lie reproduced wlien desirable. In 1867 those units were 
readjusted to equal b n Siemens units, which is nearly tlioir original value. In French submarine 
cable work rcsistanoo coils adjusted to the Siemens units are employed. 

Maltbiossen’s Unit. — This unit was defined as the resistance of a statute mile of pure annealed 
copper wire in. in diameter, at 15*^ C. 

Varley’s Unit. — This was formerly much used in England. It was originally constructed from a 
statute mile of spi cial copper wire in. in diameter, but Varlcy afterwards readjusted it to twenty- 
five Siemens units. 

(lerman Mile Unit. — The first unit of measurement used in the Prussian telegraph stTvico w'as 
that of a German mile, 8238 yds., of copper wire, of diameter of in., and its temperature 20"' 0. 
Resistances adjustfid to this unit were manufactured os early as 1848, but these have since hoeii 
superseded by coils adjusted to the mercury unit. 

American Mile Unit. — The resistance coils used in the United States prior to 1867,emj)loycd as 
a unit a resistance equal to that of one statute mile of No. 9 iron wire. These were prepared at tho 
suggestion of M. T^efi’erts, then engineer of the American Telegraph Company, by G. M. Phelps as 
early as 1862. The coils were of No. 36 iron wire, and arranged in sets of decimal numbers, so that 
the. rcsi.^tance could bo read oft' directly without Cidculatiou. These have been superseded by the 
British Association unit. 

The British Association Unit. — This unit was proposed in 1862 by Weber, and afterwards 
determined with great care by a committee of the British Association, in accordance with tho 

suggestions of W. Thomson. This unit is defined as equal to 10,000,000 According to the most 

trustworthy determinations, it is equal to 1*0486 Riemens mercury units. 

Although all these units have been emidoyed, only two of tliem, the British As.sociation unit 
and the Siemens unit, are now in use for telegrapli nieusnrcmt nts. The two units do not, in fact, 
differ very materially from each other, and in point of actual convenieno <3 there is little or no 
choice. Practically, the British Association unit or ohm may bo said to bo the rcc>ugnized standard 
in use in England and America. 

The resistance of a portion of the circuit, or of tho entire circuit, expressed by a certain length 
of a standard wire, is termed its reduced resistance, and the corresponding length of standard wire 
is termed its reduced length. 

Besides the unit of electrical resistance, there are units required to measure potential, current- 
quantity, and capacity for electrostatic cliargo. In practioi*, the unit of electro-motive force is, in 
England and America, generally that of a Daniell’s clcrneiit, but, on the Continent and in America, 
where high potentials are to be measured, the Bunsen element is taken as unit. A Daniell cell is 
stated to bo equal to 1*079 volts, the volt being the unit adopted for electro-motive force by tho 
British Association Committee. Tlie deductions made by ttiis Committee were from a purely 
theoretical conception of electrical motive force, and were obtained from tho current imhiccd by 
the earth’s magnetism in a revolving coil of wire of certain dimensions. In practice, although the 
unit volt (jf potentral is used, measurements are referred to Iho Daniell coll, tho volt value’ being 
reduced therefrom by calculation. The volt is equal to 10* metre gramme second units of work. 

The rate of doing work for a galvanic element ^ = 10^ m. g. s. units for 1 volt through 1 ohm, 
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or 1 volt'ohm uses gramme of zinc and 10^ absolute m.g.s. units of work a Fccond. 1 volt- 
ohm is equally 44*24 foot-pounds a minute, or 1 HP. is 746 volt-ohms, ami is equivalent to the con- 
sumption of grammes of zinc a second in a Danioirs cell. 

Tho unit of quantity of current is that carried by one volt of electro-motive force through one 

ohm of resistance in one second, and is termed the weber. A webor is 10~ metre gramme second 
units of work. The work done in a circuit of resistance r ohms in t second by a curr nt of C webcrs 
is W =r 101 *92 C* r ^ grammetres ; and the heat developed in a circuit is H == 0 * 24* '5 C* r t calories, 
each calorie being the (jmintity of heat required to raise 1 gran.mo of water 1 degree centigrade. 
One webor of electricity decomposes *00142 grain of water a second; and the weight of metal 
deposited from the solution of any of its salts by a current of 0 webcrs in t seconds is n = 0*00001 
a Qt grammes, whore a is tlio atomic weight of the metal as referred to hydrogen. This formula 
is sometimes used in the deduction of current strength from an electrolytic bath inserted in the 
circuit. 

For capacity tho unit adopted is, in practice, a microfarad, measured from a standard condenser. 

A farad is equal to 10~ metre second units, and a microfarad is the millionth of rt farad. A 
microfarad is, roughly, about equal to the capacity of one-third of a knot of the Atlantic cables. 

Electrical Instrument , — The Thomson galvanometer. Fig. 1128, is made in a variety of forms. 
The form most in use consists of a base of a round plate of ebonite, provided with three levelling 
screws ; two spirit levels, at right angles, are fixoil on the top of this plate, so that the whole 
instrument can be accurately levelled. Sometimos one circular level 
only is provided, but the <loublc level is much tho best arrangement. 

From tile base rise two brass columns, and between tliem a brass 
]date is fixed, rounded off at ihe top and bottom. Against the plate 
are fixed the coils, the ends of which are shown by dotted circles. 

The brass plate has shallow count( r.sinks in its surface for the faces of 
the coils to fit into, so that they can be put in their correct jilaccs 
without trouble or danger of shifting. Bound brass plates press 
against the outer surfaces of the coils by means of screws, and keep 
them firmly in pbice. There are two round holes in tho bniss plate 
cxnnciding with the centre holes in the coils. The coils. Fig. 1129, 
are four in number, and are wound on bobbins of brass, the wire 
being coiled thicker towards the cheek of the bobbin which bears 
against the brass plate. This curving of the section of the coil is in 
accordance with the law of W. Thomson, to obtain a maximum tift’ect 
from a minimum quantity of wire. The cilges of the coils are 
covered with shellac, to protect the wire from mechanical injury. 

M’ithin the holes in the brass plate are placed two magnets ns 
and 8 n, formed of watch spring highly mugnetized, connected by 
aluminium wire, to form an astatic pair of needles. A groove is cut 
in tho brass plate between the uppejr and low(‘r hole, for the con- 
necting aluminium wire to hang freely in. In front of the top needle 
is fixed tho mirror. The susi^cnsion fibre is attached at its upptT 
end to a small stud which can be raised or lowered ns required. 

When pressed down as far as it will go, the needles rest iqx)!! the 
coils, and the tension is tiiken off the fibre; the instrument can 
then bo moved about without danger of breaking tho fibre. One end 
of each cml is connected with one of the four binding screws in 
front of the base of the instrument, the other ends being connected 
to one another through tho binding screws. The whole four coils 
are in the circuit of the two outer binding screws, so that they 
all net upon the magnetic needles. By connecting the first binding 
screw on tho base with the third, and the second with the fourth, the coils will be coupled up so as 
to reduce the resistance to one-fourth of the total resistance of all the coils together. Over the coils 
a gloss shade is placed, from tho middle of tho top of which a brass rod rises. A short pit‘ce 
of brass tube slides over this rod with a weak steel magnet, slightly curved, fixed nt right angles 
to it. This magnet can be slid up and down the rcnl, or twisted round for adjustment of tho 
mirror. For fine adjustments a tangent screw is provided, which turns tho brass rotl round, and 
with it the mognet. 

Tho mirror is sometimes made of a plano-convex lens, to obtain n sharp image of the spot of 
light on tho scale. The width of this spot of light can be regulated, by means of a brass slider 
fixed over the hole in tho screen through which the beam emerges from the lamp. A much better 
arrangement than the spot of light is to make the hole through which the light emerges round, 
with a piece of fine platinum wire stretched vertically across its diameter. A lens is placed a 
little distance in front of this hole, bctw'ccn the scale and the galvanometer, so that a round spot 
of light with a thin black lino across it is reflected on the scale. This enables readings to bo 
made with great ease, as the figures on the scale can bo more distinctly seen. The mirror in this 
arrangement may be a plane one. When the spot of light only is used, it is necessary to partly 
illuminate the scale with a second lamp. 

Fig. 1129 is a sectional view of the coils, showing the mirror M and the lower needle N, removed 
in Fig. 1130. When these instruments ore used for receiving communications through cables, 
they are placed in a box or curtained compartment, and the receiver calls off eaoli word to a clerk, 
in attendance, who writes it down. Tho spot of light wanders over the scale, following every 
change of current, but tho operators, by practice acquire tho necessary skill to interpret Uie appa- 
rently irregular motions. One dot will cause the light to almost cross tho scale, the second moves 


1128. 
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it a little further, the third or fourth causes hardly a perceptible motion, but the receiver knows by 
experience that these four very different effects each indicate a series of dots, all sent by the 
transmitting operator in precisely the same manner. 

Thomson’s marine galvanometer is a reflecting galvanometer, constructcMl in such a manner 
that the oscillations of the vessel cannot change the relative position of the small mirror and the 
scale, when used on board cable ships, and for other similar purposes. 

The magnet is attached by means of ooooon flbres, at the top as well as 
at the bottom, to small wooden frames, which support the convolutions 
of wire. The cocoon flbres pass accurately through tho joint centre 
of gravity, both of the magnetic bar and the mirror, so that, when the 
wire of the coil is turned, the latter remains unaltered in its relative 
position to the convolutions. The magnet thus retains, in any position 
of tho instrument, the same position in relation to the scale attached 
to it on the same table. 

Tliis instrument has the influence of terrestial magnetism up m the 
magnet destroyed. This is attained by enclosing the multiplicator 
wire with magnet mirror and lens in a c^ise of soft iron, and by putting 
in tlie box a moderately strong steel magnet. The magnetic action of 
these poles upon the magnet needle being stronger than the attractive 
power of the earth, the latter is neutralized, and tho suspended needle 
is maintained in a position of rest under the changes of the situation of 
the instrument. 

To avoid tho disturbing movements of tho spot of light upon tho 
screen, caused by the shaking and flickering of the flame, the lamp is 
enclf>sed in a cylindrical case, in whicli, on the side turned towards the 
mirror, is a small slit. When the galvanometer needle is at rest, tho 
8 i) 0 t of light appears exactly upon the middle of the screen. 

JElectrometers are made in ditferent forms, some of wliich ore historical. They fill depend, for 
measureint nt of the intensity of the electrical potential, upon tho repulsion or attraction of a light 
body by a fixed Ixxly, both being electrified. Practically only one electrometer is in use, and it is 
known ns tlie reflecting quadrant electrometer invented by W. Thomson. This instrument consists 
of a metallic box, cut into four quartirs or quadrants, whicli arc slightly separated, and well 
insulated from each other. Within the box is suspended a flat neetllo, the extremities of which 
are broader tlmn the middle. This needle has a bifilar suspension and communicates electrioully 
with a Tjcyden jar. The Leyden jar is maintained at a constant electrical potential, by means of a 
small charging apparatus attached to the instrument, and by placing tho jar in an atmosphere 
deprived of moisture, by contact with highly conccntrateil sulphuric acid. Each two diagonally 
opjxisite comers of the box, witliin wliich the needle swings, are connected electrically, so that 
the needle, when each set of quadrants is electrified to tho same jiotential, lias no tendency to 
ilcflcct from tho position given to it hy the bifilar susjiensioii. When one set of the quailrants is 
electrified to a lower or a higher potential than the otlier, or when each sot is opjmsitely electrified, 
the needle will be so deflected, as to be attracted by the lower or op|x>8ite potential or re|>elh‘d by 
the higher or similar potential. The deflection is proportional to the dificrcnce of potentials, when 
indicated by a beam of light reflected from a mirror on the axis, of the needle, to a scale, as in tho 
reflecting galvanometer. 

Electrofiicter observations are attended with considerable difficulty, consequent U|)on tho 
liability of the state of the atmosphere to influence the instrument, and because accidentally 
touching certain parts in connection with the Leyden jar may cause its discharge, when all 
previous observations must be repeated. The instrument is besides not portable, and cannot, like 
the galvanometer, be easily set up; it is, therefore, very usual in practice, to substitute a combina- 
tion of cf)ndeu»cr and galvanomf tc.r for the electrometer. 

In tlie Thomson quadrant electrometer an inverted bell glass is externally coated witli tin- 
foil, w'hich is put in communication with the earth. In the interior of the jar is concentrated 
sulphuric acid, into which dips a platinum wire attached to the needle, 8us]xmded in tho qiiad- 
rantal liox. The quadrants are supported from an ebonite disc, and are adjusbiblo with regard to 
each other, so that the needle may bo brought to the zero of the scale. Measurements with the 
electrometer are chiefly made in the factory with short lengths of indiarubber or Hooper’s cores. 
Beyond this application to tho measurement of insulation by loss of charge, the instrument does 
not meet with much favour in the testing room. 

Condensers are usually prepared with sheets of tin-foil separated by sheets of mic^, or of 
paraffineil paper. Mica is used fur small, and paraffined paper for large condensers. Mica coii- 
densers are more durable, but the capacity varies with sudden alteration of temperature, conscH 
quent ujxm the separation or approximation of the tin-foil sheets. 

In the construction of the condcn.ser, there is first laid upon a metal surface-jdate, a slieet of 
tin-foil, the commencement of the earth armature. Upon this is laid a sheet of insulating material, 
mica, or paraffined paper, of much larger area than the sheet of tin-foil, but having one of its 
earners removed so os to expose the tin-foil ; npon this sheet of insulating material is laid another 
sheet of tin-foil, which is the commencement of the line armature. Tliis is followed by another 
sheet of paper, so cut at the opposite corner to the first sheet, as to similarly leave a portion of the 
tin-foil exposed. A sheet of tin-foil is now superposed so that it is in contact at the cut comer of 
the paper with the sheet first laid down, and forms the second sheet of the earth armature. By 
continuing the operation t)te construction of the condenser is comphded, wlien as many sheets liave 
been laid down ns are necessary to give the required capacity. About 10 sq. ft. of tin-foil surface, 
or 5 sq. ft. in each armature, is necessary for a condenser of one microfarad capacity ; but tho 
capacity depends upon the proximity of the plates, and may be slightly greater by subjecting the 
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condenser to pressure during manufacture. When completed the condenser is usually placed in a 
warm atmosphere upon a heated surface-plate, and is loaded with about 8 cwt. When the con- 
denser is sufficiently warmed through, the source of heat is removed, and the sheets are allowed to 
cool in tlieir compressed condition. The ooudenscr is finally surrounded with solid paraffin in a 
box. 

'The paraffin to bo used in the making of condensers should not be heated in a brass or copper 
vessel, as if it absorbs verdigris it becomes conducting. Where condensers are to be used in very 
hot climates 2, or 3 per cent, of Oamauba wax is added with advantage to tlie paraffin. For the 
manufacture of paper condensers, jmper containing mineral substances is useless, and the best 
variety appears to be that known as cream-wove bank post from linen rags. Mica for use in con- 
densers must be clear and free from fracture ; black mica is not suitable for tlie purpose. Con- 
densers should always bo left with their armatures connected electrically, so that they may be 
completely discharged when required for use. 

The siphon recorder invented by W. Thomson is so arranged as to actually delineate on 
pai)er the apparently irregular movements of the galvanometer needle. A fine glass siphon 
tiibe conducts tho ink from a reservoir to a strip of paper, which is drawn past the point of the 
the tube with a uniform motion. The point moves to the right or left of the zero line, through 
distances proportional at each instant to the strength of the current, and thus the signals are 
drawn on the paper in curves. 

Fig. 1131 shows the form of siphon recorder in us^ at tho Duxbury Station of the French 
Atlantic cable. Tho apparatus consists of a very light rectangular coil h b of exceedingly fine 
iusulate<l wire, suspeudea between tlic polos of a large and powerful electro-magnet N S, which is 
charged by a local battery of large 

size. Witliin the coil is a station- iiai. 

ary soft-iron core a, which is 
{powerfully magnetized by induc- 
tion from tlic poles N S. The coil 
b b swings upon a vertical axis, 
c/msistiiig of a fine wire f f the 
tension of which is adjustable at 
h. Tho received current passes 
through the suspended coil, the 
suspension wire // serving as the 
Cv»nduetor; the coil is impelled 
across the magnetic field in one 
direction or the otlier, aee>ording 
to the polarity and strength of the 
current passing through it. Tho 
magnetic field in this arrange- 
ment is very intense and very 
uniform, which makes tho appa- 
ratus BCUsitive to tho weakest 
currents. The siphon n consists 
of a fine glass tube turning upon 
a vertical axis 1; the shorter end 
is iminerseci in the ink reservoir m, 
and iiio longer end rests upon the 
{Paper strip oo. The siplion n is 
{)ulled backward and forward, in 
one di met ion, by the thread A, 
whicli is attached to the swinging 
coil b 6, and in tho other, by means 
of a retracting spring attached to 
nil aim on tlio axis /, and con- 
trolled by an adjusting spiudlc. 

Tho paper is caused to move at a 
uniform rate by means of gearing ' ^ 7 ^ 27 o~i^ WlTc o ~B~ir 

driven by a small olectro-motor. 

Fig. 1132 is a fac-simile of the writing of the siphon recorder at a speexl of eighteen to twenty 
words a minute, ‘through a cable of about 800 miles in length. The upward waves represent 
dots, and the downwanl waves dashes. In working very long cables, tho action of the current 
upon the swinging coils is very feeble, and tho friction of the 8i{>hon against the paper strip, if 
allowed to come in actual contact with it, would interfere with the freedom of its movements. In 
such cases the {point of the Bi{phou does not actually touch tho paper ; tho ink and the pa{)er are 
oppositely electrified, by means of an inductive machine driven by the electro-motor that moves the 
paper. The electrical attraction causes the ink to bo ejected from the siphon upon the paper in a 
succession of fine dots. 

In introducing the relay into diagrams of apparatus, it is often represented in the conventional 
manner shown in Fig. 1133, in which 66' is the armature lever, d tlie insulated or resting contact, 
and d* the closing or working contact. LL represents the main circuit, and the dotted lines O tho 
local circuit. , , ^ , 

Various other forms of relays have been introduced. A rehiy designed by Siemens and Halske, 
with a movable core, but without an armature. Fig. 1134, has been much used. The helices m m' 
are electrically connected in tho usual manner, A and B being tho main binding screws. One of 
the cores a? is stationary, the other one y turns upon screw points r; both of these cores are 
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provided with iwle pieces, whioh face each otlior. The contact arm z is rigidly attached to the 
movable core and serves to open and close the local circuit at the contact screws k k\ tlie 
former being insulated. The adjusting screw g regulates the tension of the relay spring /. 0 und 

D are the local connections. 

The form, Fig. 1135, is known as the American relay, and is the simplest in principle, being nn 
armature h held back by a spring /, and attracted by the magnetism generated by the passage cf 




the currents in the coils M, of the electro-magnet ; d is tlie working, and c the rest stoj); g is an 
adjusting screw ; li' and L" are the lino ; and V and r the local connections. 

Siemens* polarized relay is in general us(% and is regardeil as nn improvement on the ordinal y 
Morse relay, particularly as it docs not require any adjustable spring ns a ndractile force. 
Fig. 113G is a plan view of this instrument, and Fig. 1137 the vertical section through the centre. 
The relay consists of a steel magnet N S, bent to a right angle, on whose leg N the soft iron 



cores n n\ and the wire coils or helices m m', of an electro-magnet are fixed. At the extreme end 
of tfie other leg S is a small soft-iron bar cc', which operates as a relay lever and nniiature, turning 
horizontally on its pivot 11. The motion of this armature is limited by the metallic screw D on tho 
one side, and by tho agate stud D* on tho other. On the leg of this magnet the iron coils n n* are 
attached, upon which the coils m m* are wound. Tho south pole 8 polarizes tho tongue c c'. 

Soft iron, when placed in contact with tho pole of a magnet, becomes itself magnetized and 
hikes the same polarity as the pole with which it is connected, so that the upper ends a n' of tho 
iron core, stonding on the north jjoIo n, form permanent north polos, and for the same reason the 
cxtreinc end c of tho armature c o\ which at S stands on a south pole, is permanently a south pole 
Iherefore, the armature will be attracted equally by nortli {jolo n and but if it bo brought 
nearer to one than the other it will be held there. If the attraction Ixstween n' and c* predominates, 
the armature lever will lie against the point D, and if the attraction is greater between n* and c' it 
will rest on the agate point D*. It is evident that tho latter position, where tho local battery, 
winch 18 put in between D and B, is open, corresponds with the position of rest of tho ordinary 
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When tlie key is closed at the remote station, and a line current is sent through the coils m m\ 
one of the poles, n n', becomes oppositely polarized. Suppose that this current causes at n, a north 
polo, and at n', a south pole, then the north magnetism already at n is increased, but destroyed 
at n\ 

As the south magnetism at g is, however, unchanged, the attraction of n towards c' is pre- 
dominant, and the tongue of the lever, cc\ strikes against the contact screw D, and closes tlie local 
circuit. 

When the lino current ceases the lever still remains in contact with screw D, as although 
tlio eloctro-mngnotism from m m* disappears, the attraction between c and n continues predominant, 
on account of c' l>eing nearer to w. 

The return of the armature, c c', to its former position can only be effected by a reverse 
current, which is produced et the remote station by a pole-changing key, the south magnetism 
being induced at w, and north magnetism at m\ by which the north magnetism already to be 
ft)und at n is decreased and btrengthoned at n\ consequently the former attraction between n and 
c is destroyed, and the attraction between n* and c predominates. The tongue c c" thus again 
strikes against the insulating point D' and interrupts the local circuit, whose poles are connected 
with A and B. 

No adjustment of the armature lever is required after it has been properly placed by means of 
the regidating screw K, no matter which pole of the battery is to line, and thus the use of a spring 
as a retractile force is entirely disiiciiscd with. 

The polarized relay can be very advantageously used for ordinary battery currents of one 
direction. For this purpose it is only required that the movable pole pieces n n\ shall be placed 
at different distances from the jwlai ized tongues c c*. The piece, n\ which corresponds to the rest 
or D' side, must bo placed nearer to the tongue cc' than the piece n. In this case, as long as no 
current passes through ?n ni\ the attraction to the north pole, n', of the south polarized tongue c' 
increase's; oonscujueiitly the urmature c' is constantly attracted by n', and remains against the 
insulated iK)int D' interrupting the local circuit. When, however, a line current arrives of such 
a jx)larity as to form at in a north pole, and at m' a south pule, then the north magnetism already 
present at n is increased, and the south magnetism pre&ent at n' destroyed or replaced by south 
magnetism, so that the attraction of n an<l c* pretlomiiiates, and accordingly the tongue c c' is drawn 
over to the opix)8itc side, uud closes the local circuit at I>. With the breaking of the line current 
the magnetism at in and ni' again ceases, but the north magnetism at nn\ caused by the steel 
magnet N S, remains, and consequently the tongue at n should remain in the same position; but 
as the space for motion between D and D' is very small, only a slight change is made in tho 
distance of the tongue from n and n\ on account of its movement towards n, and it has thus, as 
before, on account of its position, more attraction for »' than for n. As c' stands nearer to n' than 
to n, tilt' attraction of n' predominates, and the tongue is pulled back, interrupting the local circuit 
until another line curreiit closes it. 

The polarized relay is exceedingly sensitive on account of tho absence of the retracting spring, 
the force of which tho electro-magnet is not obliged to overcome, and also because the action of tho 
polos n ami n\ on the armature c c' is a double one, attracting and repelling at the same time. No 
a«ljustmcnt is re<iuired to meet tho varying strengths of the line current. To adjust the polarizeil 
relay, the pole pieces n and n' are placed at a convenient distance apart, and the screw B turned 
until tho tongue is brought as nearly as possible in the centre between the poles, so as to have 
equal rotiiii lor adjustment on each side. The set screw, D, is adjusted so that the motion of tho 
tongue or armature lever, shall be alx)ut one-twentieth of an inch between the insulated stud D and 
the contact point. The adjusting screw K, is then turned, so that tlio armature, when no current 
is ilowing, shall be slightly attracted by the pole n\ bringing the tongue into contact with the agate 
l>uint D'. If, after the instrument is so adjusted, the armature lover remains permanently in 
cuntact with the circuit closing point, D, when tho distant station is sending, tho screw E is 
turned to the right, so as to lessen the attraction of n and increase that of n\ If tliis produces no 
effect, (‘itlier n is placed farther from, or n' nearer to the tongue, until tho desired result is 
obtained. 

Allen and Brown’s relay, Fig. 1138, consists of an electro-magnet A, of proper form and 
dimensions, susiiended between permanent magnets, and free to move, when excited, to right or 
]f)ft, as far as the compensating springs which are attached to one end of its core will allow. 
These springs will only permit tho electro-magnet to move to a point where tho potential of tho 
curnmt and the tension of the springs balance each other ; and tho olcctro-magnct will truthfully 
follow the pulsations of tho received current in a natural manner. 

A contaot arm is loosely pivoted on the flop of this moving coil, and is termerl a jockey armature, 
which, being light, and favourably placed, opiioses only tlie friction caused by its weight to the 
fro(^ movement of the coil. A local circuit made through this jockey would be closed the moment 
ttio coil moved, and would remain closed as long as it continued to move in tho same direction, 
but immediately a fall of potential took place, and tho coil, through tho action of tho springs 
receded, however slightly} tlie local circuit would be broken. 

It is possible, with this relav, to obtain arbitrary characters, such as the Morse, on a rise or fall 
of potential, without bringing the cable current to zero. The weight of tho “jockey ’* gives sufficient 
friction for contact purposes, tlic spiral spring of tho centre pivot being seldom used. An increase 
of friction means so much more opposition to the free movement of the coil, and is detrimental pro- 
fiortionaiely. Tho local contact points, on each side of tho jockey, may be either or both used, if a 
reverse current in the local circuit bo desirable. 

Tho local contact points must bo adjusted so closely, that no motion of tho jockey is visible ; 
sufficient only to make or break the local circuit being necessary. The compensating springs should 
be adjusted rutlier stiffiy so as to ensure tho greatest amount of elasticity. 

The electro-magnet of whatever local instrument is used in direct communication with the 
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cable relay, may be sbunted with a condenser of^ say, 10 microfarads, to avoid the spark at the point 
of contact on the jockey. The success of this relay is due to the fact that it affords what is termed 
a moving zero. Belays generally in use have fixed or dead zeros. 

Instruments cannot be worked with reasonable speed through cables over 300 miles winch do 
not afford this quality of a moving zero, and the success of the Thomson mirror and recorder, knd 
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the Allan and Brown relay, is due to their containing this element. On cables of 300 or 400 miles 
this jockey armature can be attached advantageously to any existing instrument, such us a Siemens 
or other relay, Fig 1139, and the speed incrciiscd. 

Wheatstone's automatic apparatus, introduced in 1858, is considered by clectri(‘ians to be the 
most perfect form of automatic telegraph brought into practical use. The apparatus includes 
a perforated strip passed through a transmitter, vrith a polarized receiving instrument. In 
earlier automatic telegraphs, contact was made directly througli the perforation of the paper, by 
passing the pe{)er between a metallic brush and a wheel ; but in this construction dust or fibres 
of the pufier interfere with the contacts, and the edges of the perforation act u^)on the brush, to 
prevent it from touching the metal wheel, for a considerable portion of the space allowed for 
contact. Attempts were made to obtain better results by lengthening the perforations of the 
aper, and by running the macliine faster. In Wheatstone's transmitter tlio eontacts are made 
etween levers and studs, the paper being used only to regulate the inovememts of this contact 
ioce. This plan gives much more uniform and certain contact than can be obtained between the 
rush or spring, and the revolving wheel, besides affording great facility for transmitting the com- 
pensating currents required at high speeds. 

Tl»e principle in Wheatstone's ajiparatus is luo. 

that the polarized arm of the electro-magnet, 
which causes the marking disc to touch the 
paper, shall not have a tendency to leave the 
paper when the marking current ceases, but 
to remain always in the position where loft 
by the last current. The transmitter is 
arranged to send a series of reversals, or 
limited positive and negative currents, at 
regular intervals, and the perforated strip 
controls these currents of either sign in their 

E issage to line. An ebonite rocking beam 
, Fig. 1140, actuated by clockwork, carries 
three pins ; that on the left being connected 
to line, and that on the right to earth. The 
centre pin is insulated, and can connect the 
curved lever B with one or other of the 
battery levers Z O, controlled by the position 
of the rocking beam. Beneath the beam are two levers, A B, pivoted independently, but in 
electrical connection through the spiral springs H H', and through the frame of the instrument. 
These levers carry two vertical needles, one of which, V, regulates the marking, the other, V, the 
spacing current. The levers follow the movements of the rocking beam, and remain in contact 
with the pins in this beam so long as the upward movement is unchecked ; the needles attached 
to this lever rise alternately until they timoh the paper ribbon. If there is a hole in the ribbon, 
the needle passes througli, and the (vmtacd remains unbroken ; if the paper is unbroken the motion 
of the needle and that of the lever is stojiped, and the pin in the rocking beam continues to rise, 
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and the circuit is interrupted. Fig. 1140 is of the apparatus in a position for sending a negative 
current;. the lower lever, C, touches the right-hand pin on the rocking beam, putting the copper 
pole to earth ; the upper lever, Z, rests on the centre pin of the beam, and is in connection with 
the line over the lever B. the spiral springs, H H', in the frame of the instrument, the lever A, 
and the left-hand pin. When the circuit is broken, the rising of the lever A is prevented by the 
paper, the vertical needle, \\ attached to it not meeting witli a hole in the strip. The contact 
between the lever A and the left-hand pin is broken, and there is no current passing to line. 

From well-known iodiictivo etFects on the line, no more than 70 words a minute are attainable 
by automatic telegraphs, based on the Bain's principle of brush contact. By the use of alternating 
currents speed is increased, but is still considerably lower than the maximum attainable on a given 
line. The succession of currents of equal duration of opposite signs, at equal intervals, will give 
perfectly distinct dots, at very much higher speed than the dots of alpliabets can be produced. 
Wheatstone’s transmitter produces the Morse signs by currents of equal duration, that is by a 
succession of dots, but as the intervals between the characters are necessarily unequal, the alphabet 
is more slowly produced than a series of equidistant dots. The speed of a succession of alphabet 
letters depends also on the distance between the letters; the greater the distance the slower the speed, 
because an additional element of variation in the electrical condition of the wire and the magnetism 
of the receiver is introduced. Speed is generally limited more by defects in the formation of the 
letters than by the complete loss of dots or blurring of marks, and the defects are greatest where 
there is the most irregularity in tiie intervals between currents, as, for instance, in the letters F 
and R in the Morse code, the Morse signals fur which are , . 

It is necessary, tlierefore, to employ a system of compensating currents, to maintain uniformity 
in the condition of the line wire. This was effected at first by bridging over the break in the 
circuit, which o<.*curH when the pin is stopped by the paper, by a weak current passed through 
resistance coils, the strength of the current being regulated by varying the resistance. 

Fig. 1141 is of a piece of the perforati d strip. Tlie perforations which regulate the contact- 
making portions of the transmitting apparatus are represented by the larger holes, while the centre 
row of holes serves for guiding the paper through the transmitter. The slip is perforated for 
transmitting the letter 11 ; the uppt r row of holes is that which allows the positive or marking 
current to be sent, when the vertical pin, V, of the transmitter, parses through laie of them ; the 
lower row of holes allows the negalive current to be sent when 

the vertical pin, V', jiasses. Fig. 1142, is of the letter R as 

received at high speed, on a line where the original system of I q. q q q 7 

intermittent currents is employed. In the case of the dot before o o o o o o o 1 

the tlnsh, the positive, then the negative, and finally a second j Pj O O \ 

positive, giving two positive and one negative currents, are sent Z. ^ ^ j 

to form the dot and commence the dash, so that twice as much 

positive us negative electricity is sent into the line, and the dot 1 I 42 . + -h 

is consequently much elongated, and has a tendency to blur into 

the dash. In tlie case in which the dot follows the dush, the 4. a. 

c^ffect is reversed, the space increased, and the dot shortened or 
lost. Fig. 1143 is of the letter R as received when compensating ~ 

currents are used, and is perfect in form. The comJ)cn^nting 

currents are represented by tlie smaller signs. Before the commencement of the dot the line is 
charged negatively, instead of being clear, as in the original system, and prevents tho elongation of 
the dot before the dash. In the case of the dot following the dash, the positive compensating 
current is sent before the terminating current for the dush, so that the line is not too highly charged 


with negative current, as would be tlie case were no compensating current used. 

Tliis instrument has given some very instructive results in the working of compound lines, part 
of which are of cable and part of overhead wires. It has been found that in circuits partly of over- 
ground wires, and partly of buried or submai'ine wires, that the position of the buried wire will 
affect the speed at which the two stations can receive from each other. If tho buried portion is 
placed symmetrically with respect to tho two stations, as when the land lines at each end of the 
cable are of equal length and resistaiioe, the two stations will be able to receive equally well, but if 
the land lines on one side are much longer than the other, the rate at which the station situated at 
the end of the shorter land line will he able to receive, will be less than that at which the station 


situated at the end of the longer lino can receive from the other. This difference of speed is 
sometimes very considerable, and tho difference is greater as the length and resistance of the land 
lines on each siile of the cable are more unequal. The London and Amsterdam circuit consists of 
a suspended wire of 130 miles, then a cable of 120 miles connected to a suspended wire of 20 
miles. Amsterdam can signal to London at a rate higlier than signals can be stmt in the opposite 
direction, as nine to six. The rate of signalling to Amsterdam is increased by decreasing the 
resistance of the batteries, and by tho insertion of a high resistance, as much as 5000 ohms, at 
Amsterdam, in the receiving circuit, to delay the discharge of the cable. In the case of tlie 
London-Dublin circuit, where the land lines are 266 jind 10 miles respectively, and the cable 66, 
the addition of resistance at Dublin in tho receiving circuit has no appreciable effect, hi cause the 
length of land line on the English side is too great to permit the cable to be sufficiently chargi d. 
Here tho speeds ore 40 and 80 respectively. With Wheatstone’s automatic telegraph tho bpee<l 
between London and Manchester or idverpool is 120 words a minute', in some cases as many us four 
intermediate stations are introduced in the circuits devoted to press work, in whieb lOUO words are 


sent simultaneously to each station in twenty minutes, with regularity. 

The arrangement of circuit, Fig. 1144, is that in use in America, for automatic telegraphing on 
long circuits. A is the transmitting, and B the receiving station. At the transmitting station two 
equal batteries, E and E„ are placed in the main circuit, with their like poles towards each other, 
and normally produce no effect on the line. When, however, the battery Ej is shunted by the 
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by r ; 80 that if the latter makes anotlier revolution whilst the finger is kept down upon the key, 
no second contact is made, and the some letter is not repeated. The operator feels a vibration of 
the key as the shovel passes by the pin, and is thus made aware that the letter has been printed. 

The type wheel H contains on its circumference, in twenty-ei^ht equal spaces, twenty-six 
letters of the alphabet, a dot, and a blank space; it is fixed to the extremity of tiie axis CC, which 
is put in motion by means of the hollow 

axis, G, enveloping it in the greater part ii48. 

of its length. The connection between 
CO' and G is made by the mediation of a 
fine ratchet wheel G^, attached to the 
axis G, the click m being on the axis 
CC'. On the latter are supported, be- 
sides the type wheel and click, a cor- 
rector H', or wheel with long narrow 
teeth, equal in number to the types, 
serving to establish precision between the 
movements of the horizontal arm r, and 
the type wheel. On the same axis is a 
wheel H„ having a notch at one part of 
its circumference, for stopping the type 
wheel when the blank space is opposite 
the printing press, in case it should spring 
forward. The hollow axis G is turned 
by a clockwork moved by a weight, a wheel of which engages with the pinion Gj, and sup])orts, 
besides the wheels G*, G,, the escape wheel G^, and a tooth-wheel G„ whicli locks into the 
pinion of the printing shaft I, shown in section in Fig. 1149. 

The printing shaft turns seven times as fast as the type wheel, and curries a fly-wlieel I'' at 
one extremity, in order to overcome the inertia of a small shaft, whoso duty is to lift the paper up 
to the type wheel at the other extremity. I’he printing shaft I, and 
its continuation i, are locked together by means of a ratchet wheel I, 
and click i". At the end of the continuation shaft i, is a cam A, for 
lifting the press and the paper u gainst the type wheel. 

In the printing press underneath the typ(j wheel is a small cylinder, 
over which the paper is led, its axis being in the middle of a bent 
lever ; attaidied to it is a ratchet wheel, in the teeth of winch catches 
a click affixed to a movable piece, terminating in a rectangular arm, 
which is forctd upwards by a spring attached to the frame of the 
apparatus, but is stopped against the axis. When this makes one 
revolution, the earn lifts the arm of the lever, together with the 
cylinder and jmper strip, up to the lowest tooth of the tyj)e wheel, 
by whicli the piqier strip is impressed with the print of the type, kept inked by an inking roller. 
The cam being very sharp, tlie movements of ascent and descent are proportionately rapid, 
and the paper touches the ty|ie during only an infinitely short space of time. The axis continuing 
to turn, the cam meets the arm, and depresses it, causing the click to draw round the cylinder 
and advance the paper a certain distance. 

By the side of tlie ratchet wheel the printing shaft carries an escapement h h\ arrested by a 
continuation of the lever moving with the armature of the electro-magnet. The armature is of 
soft iron, supported at the extiemity of a lever over the poles of an electro-magnet. The 
lexer turns between supports on the axis, and tends to rise by the force of a spring regulated by an 
adjusting screw. When a current traverses the coils of the electro-magnet, the armature and 
lever are depressed, the click is put in gear, and the pallet of the escapement, released, turns with 
the axis. At the moment when the pallet passes under the lever, it rclifts it, and depresses a 
screw, returning therrjby the armature to the |jo1cs of the electro-magnet, and, at the same time, 
throwing the click out of gear. 

TJie magnet employed consists of a permanent horseshoe magnet, with soft-iron cylindrical con- 
tinuations on the poles. Tliese continuations are each encircled by a coil of wire. When no current 
pusses througli the coils, the armature is attracted to the poles by the magnetism distributed in tho 
iron. This force is opposed by the adjusting sjiritig, which is so regulated that, the armature being 
in contaet, a very weak current is able to neutralize the attraction. 

Tlic printing shaft has also the duty of correcting the movements of tho type wheel, and of 
ensuring always that, at the moment of printing a letter, the type is in its proper position. This 
is effected by means of a curved cam on the axis i, Fig. 1149. The instant tho cam h' lifts the 
arm of the frame carrying the printing roller, the projection A, locks into the teeth of the wheel /f, 
and adjusts, if it be necea^ary, its position. If, on entering the teeth //, the cam has to push the 
wheel forwards, or to accelerate the motion of the axis C 0, the click m is pushed onwards, passing 
over one or more of the teeth of the ratchet wheel Gj, Fig. 1148. 

If, on the contrary, the earn has to retard the motion, the click pulls the ratchet wheel back- 
ward.s, for which purpose the latter is not made rigid on the axis, but is formed of a disc held 
between Icatlier washers supported by two plates of metal, fixed on the hollow shaft G. 

The electric circuits of the apparatus are very simple. The bottom of tho vertical shaft, Q, is 
connecteu to earth, and the upper part to one end of tho coils of the electro-magnet, the other end 
being to line. One polo of a battery is connected to the levers A of the contact pins, the other 
IK»lo to earth. At two corresponding stations the plates of tho batteries must always be looking 
the same >yay, because tho home apparatus is intended always to work as well as that of tho 
distant stations, and the armature of its magnet is only liberated by cui-rcnts in one direction. 
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When a current arrives^ therefore, from the line, it passes first through the coils of the magnet, 
then through the vertical shaft Q, which it descends, and goes over from the screw in the jointed 
arm to the resting-piece, and from this to earth. When a current is to bo transmitted, the operation 
consists principally in interrupting the earth circuit, and in inserting the battery into the break. 
This is done by the contact pins and jointed arm of r. A key being depressed, the arm r in its 
journey rides over the pin, and its screw is lifted up from contact with r\ which breaks the direct 
earth circuit. At the same time the contact of r' with the pin A, which is in communication with 
a pole of the battery through the lover K, sends a current from the battery through the coils of 
the magnet into the lime. 

Suppose two such apparatus properly adjusted at the extremities of a line of telegraph, the 
clockwork wound up, the electrical connections duly established, and the type wheels looked. 
The employ^ who desires to transmit presses down the blank key of his instrument ; this pushes 
up the corresponding contact peg in the circle, and when the chariot arrives over the pin, the 
extremity of the i)iece rides over it, separating the earth contact, and introducing the battery into 
the lino circuit. Tlie current passes through the vertical shaft, the coils of the magnet, and line 
wire to the other station, where it circulates in the coils of the magnet, the vertical shaft, and 
goes to earth. 

In traversing the coils of the magnets of both instruments, the current weakens the attractions 
of the armatures to the poles of the electro- magnets ; the former are forced oif by the spring, the 
screws are raised, and the levers at the same time depressed. The pallets, A, of tho escapenients, 
h A, are thereupon released, the axes, », put into gear with I, and the type wheels released. During 
tho revolution made by the axes the cylinders are raised by the cams, and lift the paper up to 
ihe printing wheels, at the moment when the latter are unlocked. No letter is printecl, because 
tho blank space in the type wheel occurs just there. The paper strips and cylinders descend 
again, tlie former advancing a step. The clicks are then disengaged from the ratc*hots, and the 
pallets. A, recaught by the levers, which were lifted up, causing tho armatures to be pushed down 
again to the poles of the magnets. 

If a key answering to any letter bo now pressed down, the current is repeated the moment tho 
chariot passes over tho raised contact pin ; the printing axis is put in motion, the letter printed, 
and tho paper pushed on as before, and so on, until the message is completed. 

It sometimes happens that the apparatus do not agree when one of tho stations sends its 
message. In this case the employe at tho receiving station advises his correspondent of it by 
giving him a signal ; both then arrest their type wheels, and the transmission is recommenced, 
beginning always with tho blank. 

To avoid the inconvenience of irregular working which might arise from changes in tlie battery 
power, Hughes has adopted a method of short-circuiting the coils of the electro-magnet, the instant 
after the armature is released, so that tho current, whatever may bo its intensity, comes into play 
only long enough to efteot the required weakening of the magnetic attraction. 

Hughes’ type printer has been considerably modified in America, with the object of rendering 
it less complicated and increasing tlie speed nt wliich the type wheel can bo made to revolve 
without injury to tho parts. Fig. 1150 is a plan of the printing mechanism attached to this 
modified instrument. The printing wheel I is carried on the main shaft of tho instrument, which 
receives its motion from a transmit! ing cylinder; upon its upper surface are fixed six angular pins 
A A : a detent on the end of the escape lever H takes hold 

of one of these pins, whenever the circuit of the electro- ii50. 

magnet is broken, but instantly releases it wlien the circuit 
is closed. Tho effect of each electrical pulsation sent 
through the electro-inagnct of tho receiving instruraont is, 
therefore, to release one of the pins A, allowing the printing 
wheel I to perform ono-sixth of a revolution, when it is 
again aiTisted by tho detent of the escajiement lever 
catching the next pin. Meanwhile the type wheel J is 
constantly revolving, so that tlio wheels 1 anil J of tho 
receiving instrument, and the transmitting cylinder of the 
sending instrument, perform tho same number of revolutions 
in the same time. J has twenty-eight characters u]>on its 
circumforenoo, and undorneatli these are two circles of teeth 
j and A, equal in number to the characters upon the tyf)C 
wheel. In operation, when the printing wheel I is released by tho action of the electro-magnet, it 
performs, as before stak'd, ono-sixth of a revolution. Two distinct oj>erations are effected by this 
movement, first one of the teeth ti enters between two of the teeth j of tho type wheel, and effects 
any necessary correction of tho error in its position, by moving it a little forward or backward upon 
its axis; secondly, one of the pins A press back the tail of tho lever y, and this brings the paper 
strip r, which is carried by the cylindrical platen T into contact with the type. A circle of teeth 
upon T gear, with corresponding teeth A on the type wheel, and the two revolve together as long as 
the contact lasts between the paper and the type, so that the fi eding of the paper is aocomplishod 
while tho impression is taking place. Tho types arc inked by a felt roller R, The unison stop 
F is employod by tho receiving operator to arrest the typo whetd at zero or dash, when starting. 
It is thrown off the type wheel, and released at the first movement by one of tho pins A A striking 
against tho projection on the upper surface of the lover. The bar L supports the platen and its 
attachment ; it is pushed back, so as to tlirow tho impression lever out of gear with the printing 
wheel, when sending. 

I’helps’ electro-motor printing telegraph, largely used by the Western Union Tcdegrepli Co., U.S., 
has tho typo wheel and printing mechanism operated by a loiral battery. This construction enables 
the working parts to be mode much stronger than in the Hughes instrument, where the moving 
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parts must neoossarily be light. These parts consist of a transmitter with keyboard for closing the 
circuit, the receiver or printing mechanism, containing apparatus fur maintaining unison auto- 
matically, the electro-motor, and the governor for speed. The transmitting apparatus and the 
type wheel of the receiving instrument are caused to revolve synchronously, under control of 
the governor, and each letter is printed by a single pulsation of the electric current, of determined 
and uniform length, transmitted at a given time. The motion of the type wheel is arrested 
while each letter is being printed, and is automatically released, the instant the impression 
has been effected. By this means a greater speed of revolution is given to the type wheel 
than it would be possible to attain by a step by step nn>veraent, and also letters which happen 
to come in direct sequence upon the keyboard, may be printed from, during the same revolution. 
The instrument is secured upon a base 18 in. by 23 in., and the keyboard consists of twenty- 
eight keys, together with a period and space. Directly in rear of the keyboard is a hollow 
column A, Fig. 1151 which contains a circular range of twenty-eight vertical slide rods, corre- 
sponding to the keys, and the mechanism by which the circuit cdosor is actuated. The vertioal 
slide rods a are connected with tlie keys, 
as in Hughes* printer, and are provided 
with angular heads a*, projecting towards 
the centre of the hollow column; their 
inner ends rest in slots formed in a guide 
ring a,, projecting from the upper surface 
of the guide plate A*. The inner ends of 
these licads form a compact circle of about 
IJ in. diann*ter. The pulsations of the 
current are transmitted upon the depres- 
sion of the keys as follows ; — In the centre 
of the hollow column A is a vertical shaft 
C, revolving continuously at 241 revolu- 
tions a minute, being driven by the wheel 
E, receiving its motion from the electro- 
motor. The speed of this shaft is con- 
trolled by a governor, and upon the shaft 
is a hollow flanged collar B, fitted loosely. 

When none of ttie keys are depressed, the 
collar B revolves with the shaft C, and the 
wheel E being coupled to them by a 
catch, pressol by a spring into one of four 
shallow Vertical grooves out in the outer 
peripliery of the collar. A pawl is 
pivoted to the flange of the collar, and 
revolves almost in contact with the circle 
of twenty-eight ratchet teeth d, formed 
on the inner edge of a stationary annular plate D ; the arm of the pawl extends through an 
opening into the interior of the drum, where it rests against a roller mounted U})on a spring. 
Tlie bottom of the collar B is formed into a flange, the under surface of w’hich consists of two 
inclines, one of these inclines being short and sudden, and the other being gradual and in the 
reverse direction extending round the remaining portion of the circle. The flange revolves imme- 
diately above the inner ends of the angular heads of the slide rods. Upon the top of the collar are 
four projections with bevelled comers, each occupying one-eighth of its circumference. The horizontal 
pusher e mounted upon a spindle within the hollow wheel E, carries the short bevelled arm, extending 
downwards, ami along the side of one of the projections <?,. The foot of a slender vertical tod c, 
rests upon this lever and extends upwards, through the hollow parts e of the shaft C, to the screw 
g. This rod c when pushed upwards serves to actuate the circuit closer. When one of the keys is 
depressed the corresponding slide is raised, and its angular head is pressed against the uiider 
surface of the flange b upon the collar B, which together with the shaft C is revolving at the rate of 
four revolutions a second. When the incline of B passes over the elevatotl slide head, the sharp head 
of the pawl is struck by it. In consequence of its inclined form the pawl is forced outward, and 
into contact with the opposite ratchet tooth d in the plate D, by which the rotation of the collar is 
arrested at that point, although the shaft C and wheel E continue to revolve as before. On the 
under side of the wheel E are four wedge-shaped cams E E„ and after the shaft 0 and wheel E 
liave moved through a quarter of a revolution, the collar remaining stationary, the next succeeding 
cam strikes the head of the pawl, forcing it back into ite original position. At the same time 
a catch drops into the next succeeding groove in the collar B, which then revolves with the 
shaft C, until arrested by the depression of another key. 

When the key is depressed no action takes place, until the head of the pawl in its revolution 
arrives at the corresponding slide-rod head, and the collar is immediately arrested during the time 
in which the shaft O is making a quarter of a revolution. At the end of this time it is released 
by the automatic action of the mechanism, and permitted to revolve 'with the shaft as before ; 
while the colhir B is stopped, the bevelled end of the pusher e passes over the projection e. raising 
the rod c, within the hollow shaft C, and operates the circuit closer. As the shaft c m^es four 
revolutions a second, the collar B is stopped for of a second by the depression of each key and 
as the length of the projection which determines the length of time during which the rod is 
elevaled, and the circuit closed is one-eighth of the circumference of the collar, the duration of the 
electric pulsation produced by the elevation of the rods c will be of a second. 

The circuit closing meclianism admits of either the single current or the double current system 
being employed, by change of connection. This part of the apparatus is enclose d in a cylindrical 
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case I, fitted with plate-glasa heads. H is a quadrangular plate of ivory mounted upon a rock shaft, 
upon which is also fixed an arm projecting downwards ; upon tho upper and lower edges of the 
insulating plate H, are fixed metallic bars h /tj. A spiral spring attached to the insulated screw t, 
takes hold of a short arm projecting upward from the axis of H, and tho tension of tliis spring keeps 
the arm A pressed against the friction roller </„ upon the lever G, and tho latter in turn presses down- 
wards by means of the adjustable screw g upon the vertical rod c. The spring aho serves to con- 
duct the electric current from the screw which is connected with the negative of the main battery, 
to the bar hy ; a second screw directly behind iy and insulated from it, is attached to the copper 
ole of the battery, and is also connected by means of a curved wire and spring i to the metallio 
ar A|. H| and Hj are two upright contact levers connected respectively to the line wire, and to the 
earth. When the apparatus is arranged for the double current system, tho negative current fiows 
to line at all times, when none of the keys are depressed, but when the rod c is raised, by Uxe action 
of the transmitting mechanism, the polarity of the current upon tho line is reversed, by the action of 
a lever G upon the arm A, shifting the position of the plate H, and bringing the negative pole of the 
battery into connection with the earth. Pulsations tiius transmitted are conducted through a 
relay, connected with the sending as well as the receiving instrument. With the double current 
system a polarized relay is used. 

The printing mechanism. Fig. 1152, is arranged upon a horizontal circular plate, supported 
by a bracket upon the hollow column A. The type wheel T is rigidly fixed upon the same 
axis with and directly alHjvo the whecd T, of the same diameter, provided with twenty-eight 
ratchet teeth. The wheels T and T, are upon a 
sleeve, and are attached, by means of a friction plate, 
to tho axis of a toothed wheel receiving its motion 
from a wheel not shown in tho Fig., through the 
intervention of an idle wheel. As these wheels have 
each the same number of teeth, they must revolve 
syncdironously. Tho typo wheel T is inked by means 
of an ink roller mounted u 2 X)n a horizontal swinging 
arm, and constantly pressed against tho type wheel by 
a spring; the star printing wheel K controls the 
mechanism, and itself is under the control of another 
electro-magnet M; it arrests the typo wheel when a 
letter is to be printed, forces tlie platen and paper into 
contact with tho type wheel, moves tho paper forward 
after tho letter has been printed, and releases the 
type wheel. The cloctro-magnet is actuated hy a 
batteiy connected with the receiving relay. To its 
armature is fixed a lever armed with a detent m„ 
which takes hold of one of the points k of the printing 
wheel, when no current is passing througii the magnet. The detent is kept in position by a 
spring. Tho printing wheel K, being connected to a wheel by a frictional coupling, revolves 
with the latter when not kept iii check by the detent. The printing wheel K has six angular studs 
or pallets projecting from its circumference, to serve as stops, upon which the detent succes- 
sively acts. Two concentric rows of vertical pins are inserted upon the upper surface of the 
printing wheel, and there are six of these pins in each row ; the outer row of pins A, acts upon the 
stop lever which arrests tlio type wheel on the inner row n, and acts upon the platen and upon the 
mechanism while moving the paper. Between each pair of pins A, n, is placed a central circular pin. 

When a letter is to be printed the detent niy is lifted by the action of the electro-magnet, 
the pallet A is released, and tho printing wheel K carrieil forward one-sixth of a revolution, 
by its frictional connection with the wheel beneath it. Tins movement of the printing wheel 
produces the following results. An angular projecting stud at the end of the type-wheel 
stop lever L is Ciiused to pass between the pallet and the pin ; ns this lever turns upon a 
fulcrum at I', the detent / nt its opposite extremity is inserted between two teeth of the 
wheel Tj and the elevation of tho type wheel T is arrested. When the circular pin moves round, 
it bears against the inclined surface of the stop, and forces the lever L into the position by 
which tho type wheel is locked. The lever is retained in its position by a pin as it glides along 
the curved surface, holding tho typo wheel in check until the inclined face of the succeeding 
pallet Aj, corning into contact with the inclined surface upon the leyer L, returns the latter to 
its normal position in readiness for the next rotation. Upjn the release of the printing wheel K 
by the detent m„ the type wheel is arrested and held in chock while the printing wheel makes 
one-sixth of a revolution, and is then released. The device for moving the paper forward is a 
modification of the mechanical movement known as the Geneva stop, the convex tooth being 
omitted. In all type printing systems it is necessary that the transmitting mechanism of one 
instrument and the type wheel of the other should be in exact correspondence, and to effect this 
moans must be adopted to ensure their starting together. In the Hughes* instrument this is 
accomplished by a simple stop lever, and in Phelps’s printer the typo wheel is automatically arrested 
at the zero point, whenever it is permitted to make a few revolutions without printing. Upon the 
upper surface of the wheel T„ Fig. 1152, directly under the type wheel is a pin, filed to a fiat 
surface on the side towards which the wheel revolves, J is a three-armed stop lever turning upon a 
fulcrum. U is a toothed wheel mounted so as to revolve freely upon a pin fixed in tiie horizontal 
lever O, by means of which it may be thrown in or out of gear with the corresponding pinion in the 
type wheel axis, at the pleasure of the operator. Ordinarily it is kept in gear with the pinion, and 
receives from it a slow rotary motion. A curved arm fitted to the arm of the stop lever J, is 
constantly pressed against the revolving axis c f the wheel U» and has the efieot of slowly and 
oontinuouBly swinging the stop lever J towards the left, whenever the type wheel is in motion. 

9, n 
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If the printing wheel K continues stationary, in the course of four or five revolutions of the type 
wheel, the lever J will swing round into such a position, that the stop which projects downwards from 
the end of the arm, will be thrown into the path of the stop upon the wheel T,, which will come 
into contact with it in its next revolution. The type will be arrested with its dash or blank space 
opposite the platen, whore it will remain until the printing mechanism is again operated. Imme- 
diately the printing wheel K is released, by the action of the electro-magnet, the stop lever J is 
thrown back into position, because its third arm lies in the way of the second pin of the circular 
series upon the printing wheel. So long as one or more letters are printed at every revolution of 
the type wheel, a continual succession of the pins will strike against the arm, and prevent the stop 
lover J from being swung for enough to arrest the type wheel, unless the operation of printing is 
suspended during several successive revolutions of the type wheel axis, and the type wheel will be 
automatically arrested. The clectro-motor and its governor are mounted upon the base of the instru- 
ment, and consists of eight electro-magnets armnged in a circle witliin which n revolving shaft turns 
a circle of soft iron armatures. The magnets act successively as the armatures come within their 
influence, and cease to act just as tlio armatures arrive opposito to the poles of the magnets ; by this 
means constant attraction is exerted upon the armatures. The motor is provided with a centrifugal 
governor, which acts to reduce the quantity of electricity flowing through the magnets, whenever 
the speed is too great. The local battery which drives the motor consists of two largo Bunsen cells, 
charged with Poggendorfl’*s bichromate solution in contact with the carbons in the porous cell, and 
diluted sulphuric acid in the outer or zinc cell ; these cells being 5 in. diameter and 6 in. in height. 
This is suffioient battery power to run the motor continuously for fifteen hours, without requiring 
renewal of the bichromate solution. The system is worked direct at full speed, without relay, 
between New York and Chicago, a distance of 1000 miles. 

Figs. 1158, 1154, relate to Wheatstone and Stroll’s devices introtlucod in 1872 in the construc- 


tion of step-by-step telegraphs, the object of which is to enable the indicator of a large dial, or the 
dial itself, to bo moved rapidly with the same certainty as the indicators of small dials. 

To attain this object the propclmont of the index is duo to tho action of a maintaining power, 
limiting the work performed by the transmitted currents to tho eontrolling of the 6ca]>o W'lieel, a 
special arrangement obviating the retarding (jftect due to the w'eight of the index liand. 

On an axis a, Fig. 1153, driven by clockwork gearing with the pinion x, is firmly fixed an 
index hand P and nn arm z. At the extremity of this arm a pinion d centred at c and gwiring 
W'ith the stationary wheel D, a segment only of which is shown, carries two equal arms c c. 
Mounted loosely on the axis <i is a scape wheel A, to which one end of a light spiral spring S is 
attached, the other end being fixed to tho axis so that the scajx) wheel remaining sttitionary and 
tho axis a revolving, the spiral spring 
S would be wound up, and conversely 
the axis a remaining stationary and 

tlie scape wheel free to move, the I 

spiral spring in unwinding itself I, 

would tend to propel tho scape wlicel j 

forw’ards. To the centre of the scape I 

wheel A is fixed the piece / carrying li ^ 

at its extremity a stop n,whicli when 1 ' 

the scape wheel is at rest is met ~ ' ' " I ~ .f V; I 

by the end of one of the arms c c, ^ "i/ |! 

attached to the pinion d or to its li 

axis, and thereby the revolution of | \ 

the axis o, and consequently the 

pointer P, preavented. The control of 1 I ' G / 

the scape wheel is efi'ected by tlie 

pallets BB, to whloh an oscillatory 6 

motion is communicated by any suit- '’\l| ^ 

able electro-magnetic arrangf*ment, 
such as that sliown at E E, in such 

a way as to allow tlie scape wheel to /InM 

advance with a step-by-step motion, jl 

one half tooth for every movernout of mi 

the pallets. It follows tjiat with \j 

every movement of the pallets B B, 

the scape wheel A driven by the spiral spring S will advance, and this forward movement of the 
scape wheel will, by withdmwing the stop n, release the arm e and allow the maintaining ’power 
gearing with the pinion a? to propel the axis a, the pointer P, and the arm and thereby to wind 
up the spiral Bpnng S. llic pinion d carrying the arms e e, at the extremity of the arm z and 
gearing with the stationary wheel D, will thus rotate like tho sun and planet movement, until 
tho scape wheel coming h> rest locks the whole again, by presenting the stop n to cither of tlie 
arms e e. The number of t<»th on the pinion d, the stationary wheel D, and scape wheel A, arc 
so arrang^ that for every half tooth of tho scape wheel liberated by the pallets B B, the arms e e 
attach^ to pinion d make one half revolution. The pointer P advances one space on the dtal for 
scape wheel so liberated, and thus while the movements of the pointer are 
steAing^rad stLpp’i^g*®^'^^'®*®^ motions of the scapo wheel, the latter completely TOntroto the 

of the?v™'w?.f tolographs, it is u«d for regulating the motion 

I t e typo wheel, and the stamping of a letter on the paper strip is oifected automaticallv 

to thf SSwfte currents necessary to bring the type whwi 
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Mounted on the axis a, Fig. 1154, in place of the index hand is a wheel R, gearing with another 
wlioel Y fixed firmly on the arbor of the type wheel. By means of those wheels the maintaining 
power moving the type wheel is controlled by the pullets B B. Also mounted on the arbor of the 
typo wheel is a saw-toothed wheel Z, and in play with tlie teeth of this wlieel is a pin fixed inh^ the 
extremity of the arip E, this arm being centred at e and continued in a light rigid bar E^, bearing 
on a friction wheel /. During 
the rotation of the wheel Z the 
pin cannot rest between any of 
the teeth, and the arm E is 
therefore kept up. The pin on 
E passes in its upward motion 
against a segmental arm d 
centred at 0, at which also is 
centred the arm n bearing 
against a pin in iho segmental 
arm </, and sustains these two 
arms, keeping the releasing arm 

L, which is centred at i, free 
from the pin 1 at the end of the 
arm and allowing a bent end 
of the releasing arm L to rest 
ujK)n the pin 2 in the arm »/» 
wliich is centred half-way up 
tile arm n and kept in position 
by a. spiral spring S. A con- 
tinuation of the arm n has 
pivoted at its extremity a light 
l)jir a* bearing upon fricthjn 
wlioels, 

Wlu‘n the rotation of the 
whoed Z ceases the pin on E 
and the arms d and n fall, and 
bi'fore the end of the rideasing 
arm L can engage with pin 1, 
the chock pu^co is liberated from 
its position of rest on pin 2, aii<l 
the arm L falls. A transverse 
groove in tlio arbor of the arm 
li reUiins the end of a pieci* J, 
jutting from the axhiof a pinion 
l^ gearing with a wheel N fixed 
on the arbor of a sccontl wheel 

M, having widely spaced tc‘Cth, 
ami called the stam])iug wheel. 

Witli a pinion fc, also on tlu? 
arbor of the 8tum[)ing wheel, a 
maintaining power, sepurnte and difibront from that imparting motion to the type wheel, is in 
gear. The fall of tlie arm L liberates tlie jnece J, and this pie ce in making one revolution before 
it again engages in the groove of tlie arlx>r of tlie arm L, iiermits the stamping wheel to bo carried 
forward one tootli by the maintaining power in gear witli it. Tlie bnith of tlie stamjung whecd 
coming into contact with a touch piece, causes the printing hammer to bo lifted against tlio rim 
of the type wheel. Coii8c<pieiitly, the letter immeiliately presented to the face of the printing 
hammer, is printed on the paper strip wliich intervenes between the type wlieol and the liammer. 
The action on the printing hammer is direct, but in the case of the arm L a series of levers r, r, r, 
are brought into play. The type wheel is adjnstt tl to zero ns in Fig. 1153. 

Fig. 115C is a plan of sending instrument of E. A. Cowper’s writing telegraph. Fig. 1155 being 
an elevation of tlio same. The writer liolds the pen, wliich is rigidly connected to the travelling 
contacts, and also, a.8 at A* A*^, to the batteries. The slip of paper on which tho mossuge is written 
is moved somewhat in the same way us in a Morse instrument ; in fact, tho Morse clockwork can 
be easily used for the pur]>ose. djius the paper travels under tho pen instead of, as in ordinary 
writing, the pen travelling over the paper. Two sets of thin metal plates C 0 form the contact 
m^pnratiis, D are the light connt'cting rods, llie ends of which make contact with the plates; 
FF are tho resistance coils connected to tho contact plates, one coil for each jdatc, except the first 
of the series, which is eonnecUKl to line. It will be noticed that tho strength of the current 
entering the line, depends ujion tlio plate witli wliich contact is made by tho connecting rod. As 
tho rod travels from the first of tho series the resistance increases, the current having to pass through 
N — 1 resistance coils, as well us the lino wnre, N being the number of plates from the first of the 
series, to the point at which contact is made. Generally, however, as one contact piece travels from 
tlie first of the series, the other travels towards tlio first of its series, and thus, while the current 
decreasing varies in one line, tlie variation is increasing in tho other. A slight knowledge of 
co-ordinate geometry is required to plot tho curve of auy letter, and to calculate the variations in 
the strengths of tho currents. Figs. 1157 and 1158 are respectively an elevation and plan of the 
thin metal plates, which are insulated the <mt? from tho other by paper soaked in paraffin. The 
receiving instrument, Figs. 1159 and 1160, diifors from the sending iirstrument ; H H are liglit, soft 
iron bars on delicate bearings, having the ouils surrounded by tho coils 1 1, to which the bars form 
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a movable core. Through these coiU the varying cun-ciits of the line are sent, which, of course, 
have a varying action on the core. J J are four permanent or electro-magnets, between the poles of 
which the” coils just named are placed; K is a Clark siphon pen, which is adjustable from the 
bridge L, and the ink reservoir is at M. The light connecting rods NN transmit the motions of 


115T. 
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the movable cores to the pen; OO are springs to 
enable the pen to resist the pull of the magnets, the 
connetdions arc shown in 0‘, 0% O*, the latter being 
attached to a fixed |x>st 

As the currents sent through the line wire by 
the sending instrument vary in strength, and c^^iuho 
the light bar of soft iron to move with varying 
pow'cr by its attraction to the stationary magnets; 
and in order to cause it to take its proper position 
according to each vibration in power, a varying resist- 
ance is opposed to it, such as a spring which require.s in- 
creased power to compress it the more it is compressed, 
so that the action of the soft iron bar, combined with 
that of a precisely similar bar actuated by the second 
lino wire, will cause the position of the i>cn in the re- 
ceiving instrument to folk 
in the hand of the 




low the position of the pen 
operator at the sending instrii- 
m( nt, and thus form the letters. The total strength 
of the spring or varying resistance can be regulated 
at will, so that the letters formed by the pen shall be of 

the same proportionate height and width, as the letters written by the operator at the sendine 
instrument. ' ^ 

JClectric Xomps.— Electric lamps or burners may be divided under two heads ; those in whicli the 
voltaic arc is caused to exist between the two portions of an inh rriipted circuit; those in wliich a 
contanuous portion of the cimui^ being a bad conductor, is heated to incandescence by tlie passage 
of the current. It is probable that this division being arbitrary and not generic, may at any time 
invented""^ principles that do not appear in lamps at present 

Foucault, in 1844, substituted retort carbon for common wocl charcoal, as tho substance for 
electrodes, and this discovery o^ned up a practical application of the electric light to photographic 
pur^ses. The lamp w^ simpl v a holder for ^o^rbon rods, and required help frem the hand of 
the curator. Trials ot the light were made in tho Place de la Concorde, Paris, by M. Uelenil, 
rxhau8^™^*"“**^ expenmented with carbon placed in a receiver from which the air had been 

Btaite and f. Edwards, in IWe, mtroduoed a lamp. Pig. 1161, in which two carbon electrodes 
ovo K meeting obliquely on a refractory and badly conducting substance. The 
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Staite and Petrio, as well as Foucault, in 1848, devised a method by which the current regulated 
the distancing of the carbons. Tliis was bised upon the phenomena that an electric current can 
cause magnetization according to its strength ; that the voltaic arc as part of the conrluctor, reacts 
upon the current. This lamp, however, was never introduced into practical use ; in principle it was 
similar to Archereau’s lamp. 

F^. 1162 is of Archoreau's lamp, the basis of many ideas, and one of the most simple and 
etTcctive of its kind. It consists of a hollow coil of copper wire, with a vertical standard, two carbon 



carriers, and a counterpoise. The upper carbon is carried by a bar, sliding into and turning at tlie 
extremity of an insulated horizontal copj:)er bar, in connection with the negutivo pole of the electric 
source. Tlie lower carbon rests on a c^'liuder, half of copper, half of iron, rising or falling in tlio 
hollow bobbin. The positive polo of the electric source is attached to one end of the wire coil, and 
the other end to the interior cylinder of the coil; a weight counterpoises the lower carbon holder. 
When th»! current passes in the wire, it produces magnetic action, causing the cylinder to descend 
into the bobbin, and to reduce the strength of the current. When the magnetism is too weak, the 
action of the counterweight raises the cylinder. Initially the carbon points must be brought into 
contact, to establish the electric circuit. When the voltaic arc is formed, the cylinder remains 
fixed in the coil, and the counterweight is motionless. As the voltaio arc increases in length, 
and the current is weakened, the lower carbon rises, until the current again attains sufficient 
power. 

T. Wright, in 1845, caused the voltaic arc to play between discs of carbon, and Le Molt, in 1849, 
improved upon this idea. Fig. 1163 is the lamp described. Le Molt claimed the use of all 
oar buret ted matter, as electrodes producing the light, especially that of retort carbon, and the two 
combined movements of rotation and approximation, at given intervals, of two discs of variable 
depth and diameter. The discs are maintained, with regard to one another, in a parallel attitude, 
vertical or horizontal, or preferably, in positions at right aitgles, and conveniently dishmeed to 
produce the electric light. The discs revolve regularly upon two metal axles, put into connection 
with the poles of the generating apparatus, and presenting, successively, by the combined rotation 
and approximation, all the extreme points of their circumferences to the production of the light ; 
in such manner that at each revolution of the discs, the latter approach one another by the 
distance which they had separated by the combustion of part of the carbon, and thus are always 
replaced in the same position of invariable distance. Le Molt introduced the purification of the 
carburized maiti-r forming the electrodes, by more or less prolonged immersion in nitric and 
muriatic acids, and sub^uontly in fiuoric acid. This lamp allowed of twenty to thirty hours’ con» 
tinuous light ; but the intensity of the light is less than that obtainablo with vertical carbon rods. 

Another typical form of lamp is that of Lacassagne and Thiers, who, in 1855, substituted for 
clockwork, wiiich had then been introduced into lamps, a float acting in a bath of mercury. A 
cylinder contained a float upon, and in connection with, the mercury ; one carbon electrode rested 
upon this float. The other carbon electrode was fixed in the same axial line above the electrode 
supported on the float. As the o^bon points consumed, so the float rose ; but a means of arranging 
the rise to occur at the proper time was necessary, and was thus supplied. Mercury from a reservoir, 
having entered the float cyliudor, passes through a tube plaoed in an elootro-magnet. In this tube 
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is an indiambber valve, opened and closed by a soft iron armature, withdrawn by a spring opposing 
tlie notion of the electro-magnet. The opnitig of the valve admits mercury to the float cylinder. 
As the <Mst«iioo between the electrodes increases, the magnetic attraction decreases, and the valve 
opens, the incoming mercury raising the electrode. 

This lamp is the basis of many subsequent ideas, some of which omit the regulating apparatus, 
and employ tho mercurial bath simply to raise the carbon rod against a disc of carbon, as the rod 
is consumed. 

These lamps, however, have not, ns constructed by their inventors, met with practical applica- 
tion. The various modifications introduced do not detract from the merit of the original inventions, 



but are additi<jii8 that liave become exi»edifiit, under scunewhat diflerent circumstances attending 
the use of the powerful currents derived from imigneto- and dynamo-electric machines. If tho 
accounts were continued chronologically, there would follow a description of Duboscq and FouctiuU, 
in which cl(Xjk\>ork was employed to distance Ihecarbrnis. These will be presently referred to, but 
it is first necessary to point out that all complication is to be carefully avoided, and that a lump to 
be effective must need no skilled attendance, such as a clockwork rnovoment would entail. * 

Lamps in very general use arc the Siemens and the Serriu. In tho Alteneck-Sicjinens lamp. 
Fig. 1164, tho pcTsition of the carbons is regulated by the weight of tho upper carbon holder, whicli 
tends to bring the carbons togetiier. The carbon x>oints are Be])arated by a small electro-magnetic 
motor. The upjxr carrier is ocmnected to the lower by rackwork and tooth wheels. When, by 
reason of the carbon points approaching too closely, the current becomes too strong, the electro- 
ma^et E attracts the armtiture A, held back by a spring, which keeps tho lever T, centred at L, 
against the stop d. When the electro-magnet overcomes the effort of tlie spring and attracts tho 
armature, contact is made at c. Immediately the current ceases to pass through tho magnet, the 
armature is rehastMl. The lever T is thus kept in oscillation and communicates by a pawl « a 
rotary motion to a fine tooth wheel U, and by the help of the train and racks separates the carbons. 
A pin R. against which the pawl strikes when the armature is retracted by tho spring, compels tho 
I)awl to leave the teeth of the ratchet wheel, and allows free motion to the racks. That the carbons 
may not run together too rapidly, a fly w is employed. 

If alternating currents are used with this lamp, tho oscillations of the armature are produced, 
not by making and breaking contact, but by change of polarity of tlie current. 

Several other forms of lamps have been introduced by Siemens. One of those, on the principle 
of the Archereau lump, has its carbons separated by the action of a cylindrical armature which is 
drawn into a hollow bobbin. In another form, the carbons aro placed iticlined to each other side 
by si<io, one being pivoted at its lower extremity, to which is attached a short arm carrying an 
armature of an electro-magnet. As soon as the electro-ma^et, which is in the lighting circuit, is 
excited, the carbons are drawn apart and the arc established l^tween them, as iu the Hapieff 
and Wilde systems, to be presently described. 
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Sorrin’s lamp, Fig, 1165, consists of an electro-magnet A, a bar B, a bar 0 carrying the negative 
carbon, an armature I), abutment E, spring F, exoentrio G, positive carbon holder H, tie piece, fixed, 

I, adjustable tie piece J, tension lever K L, double parallelogram M N P Q, train of wheels O, 
adjusting screws R and S, clamp screw T, and ivory stop V. The weight of the top carbon causes 
the points to be brought together. The top carbon holder bar is racked at its lower end, and in 
its descent engages with a tooth wheel of the train O. On the same axle is a pulley of diameter 
half tliat of the wheel. This pulley follows the motion of a smaller pulley, by moans of a link chain. 
The chain is fixed to a standard F, attached to the tube of the negative carbon holder. According 
to the dimensions of the first 
pulley the negative carbon holder 
is carried to a distance half that 
through which tlie lower carbon 
holder descends. The descent of 
the upper carbon is regulated by 
a fiy, which also carries a star 
wheel. 

The proper distance between 
the points is obtained by means of 
the double-jointed parallelogram 
M N P Q, controlled by the soft 
iron armature D and electro-mag- 
net A. The influence of the weigl 1 1 
of the carbon holder on the jointed 
parallelogram is counterbalanced 
by two spiral springs, one attached 
to the lower horizontal side and 
to a fixed arm, the otlier, con- 
nected to the movable vertical 
side of the parallelogram, is also 
attached to the end of a bent lever 
L K, and can be adjusted to the 
screw R. Tlio distance through 
which the armature D is attracted 
varies with the intensity of the 
current. The bar of the negative 
carbon holder is connected to the 
vertical moving side of the paral- 
lelogram, which is submitted to 
two counterbalancing forces, the 
weight tending to cause it to fall, 
and the springs to raise it. The 
action of the electro-magnet is to 
cause thoparallelogram todesoeiid. 

The vertical movable side of the parallelogram carries a jockey E, 
the point of which, as it descends, enters ^tween the arms of the 
star wheel, detaining the movement of the train and racks. The 
distance of the carbons apart, giving the best light for mean 
btrcDgtli of the current, is regulated by the tension given to the 
spring in connection with the lever L K. 

Girouard’s lamp regulator consists of a clockwork movement for 
bringing together and separating the carbons ; and a regulator or 
relay, placed near the lamp and operated by a small battery. The 
relay receives a small amount of the lighting current and controls 
the clockwork movement. 

Carre’s lamp employs a double solonoi<l insteml of an electro- 
magnet. The armature solenoid is 8-shnpcd, and is centred so os 
to enter at each of its extremities into a hollow curved bobbin. The object of this arrangement is 
to obtain greater space, through which the carbons may be separated, than is obtainable with an ordi- 
nary cleotro-maguet and its armature. 

Foucault and Duboscq’s lanips, superseded in the lecture-room by the Serrin and other lamps, 
ooiitHin a clockwork movement, whioli has to be wound up, regulated by escapement, which is con- 
trolled by an electro-magnet in the circuit. 

Gaifie’s lamp is a mc^ification of that of Archcroau, with the addition of a rack and pinion for 
raising the top carbon, which is aided in its descent by a spring that is coiled when the carbons are 
drawn apart. The electro-magnet is covered with more convolutions at the base tlian at the top, 
80 that when the current becomes weakened by the separation of the carbon points, it may have its 
magnetic effect still powerfully maintained. 

Fig. 1166 is a section of one of the Brush lainps ; A is a helix of insulated wire, A’ an insulated 
plate, O an iron core, B a rod, D a brass ring, F F carbons, G lower carbon holder. The Brush 
laiqp contains no clockwork or similar mechanism, and the movement of the upper carbon, 
actuated by gravity, is controlled by an annular clamp, which surrounds the rod carrying the 
carbon. When the lamp is in operation, one side of this clamp is lifted by magnetic action ; 
this causes it to grasp and raise the rod, and thus soparate the carbons. As the carbons bum away, 
the magnetic action dimiuUhes, and the olamp and rod move gradually downward, maintaining 
only a proper separation of the carbons ; but when the tilted clamp touches the supporting floor from 
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which it started, any farther downward movement releases the rod, and allows it to slid© through 
the clamp, until the latter is again brouglit into action by the increased magnetism due to tho 
shortenea arc between the carbons. In continued operation, the normal position of the clamp is in 
contact with its lower support, the office of tho controlling mngnt't being to regulate the sliding of 
the rod through it. If, however, the rod accidentally slides too far, it will automatically bo raised 
again, and tho carbon pointe maintained in proper relation. Eacli magnet helix is first wound with 
a few layers of coarse wire, through which the main portion of the current passes. Over this coaree 
wire is wound a very mucli greater length of fine wire, not shown, having its ends connected with 
tho terminals of the lamp, but in such a manner that the electric current shall pass through it, in a 
direction opposite to thai in the coarse wire. The fine wire forms a circuit of high resistance, which 
is independent of the arcbetwten the carbons, and is always closed. It follows from the diflerenco 
in direction of the current in the two helices, that the fine wire helix will constantly tend to 
neutralize the magnetism produced by the coarhc wire or principal helix. The number of convolu- 
tions of the fine wire helix and its resistance are so proportion^ to the number of convolutions in 
tlie principal helix and its resistance, together with that of the normal voltaic arc, that the mag- 
netizing power shall be mucli greater. Notwithstanding the small ameunt of current which passes 
through the fine wire helix, about 1 per cent, of the whole current, its magnetic power is consider- 
able, owing to its great number of conv<dutions. 

When a number of regulators provided with these double helices are operated in a single circuit, 
uniformity of action will be maintained ; for wlum any lamp gains more than its nornml arc, tho 
resistance of its main circuit is increased ; more current is consequently shiiTjted through its secondary 
helix, and the resultant magnetism is diminished, allowing the carbons to approach. On tlio otlu r 
hand, if an arc becomes too short, its resistance is reduced, and less current is shunted through tho 
corresjx)nding helix, and its carbons are drawn farther apart. Althoiigli the general strengtli of 
the current, operating a large iminber of these lamps, does not vary, each lump performs its regulating 
functions througli tlie agency of varying magnetism, pre cisely as though it were the only lamp 
operated. In practice, the resistance of the fine wire helix or helices in each lamp is mthcr more 
than 450 ohms; while the resistance of tho coarse wire, various connections, carbons, and volluic arc, 
in eacli lamp used with a 16-light machine, is about 4^ ohms. Hence nc.t more than 1 percent, 
of the whole current is diverte<l from the arc. 

The resistance of tho coarse wire helix, copper-coated carU>ns and connections, in each lamp is 
very small. To determine this resistance, sixteen lamps were cfmnech^d in series in the usual manner, 
about 200 ft. of No. 10 copper circuit wire being ustnl. Full-length carbons were then place<l in 
the lamps, and the upper and lower carbon of each lamp were connected by nu ans of a strip of sheet 
c^’pper, wired to each carbon. Tlie resistance of tho whole set was then measured, and found to he 
2- 10 oliiDS, showing a resistance for each lamp with it8C8rl>ons, of *139 ohm. J'his is 2*91 per cent, 
of the whole resistance of the lamp when in operation. To this loss must be add(‘d the 1 per cent, 
due to that amount of current diverted from the arc by the fint‘-wire regulating helix, making a 
total loss of 3*91 per cent. The remaining 96*09 per cent, of tho whole eneigy ubsf)rbed in each 
lamp, appears in the arc between its carbons. 

The shunting or short circuiting device in each lamp,c/>nsistB of a small magnet core, surrounded 
by a coarse and a fine wire helix similar to those of the working magnet. No current passes through 
the cofirse wire until the magnet which it surrounds has raised its armature. The latter, together 
with the coarse wire, then form a part of the short circuit established througli the lamp. The tine 
wire helix of the shunt is put in the circuit of the fine-wire rt gulating helices. During the noimul 
operation of the lamp, this fine wire lielix exercises a magnetizing iufiuence on its enclo.se(l con*, 
which thus attracts its armature with acertfiin degree of force, but not enough to lift it. But when, 
through tlie exhaustion of the carbons in the lamp--, or from their failing properly to feed together, 
the arc between them becomes con.siderably lengthened, developing an abnormal resistance, an 
increased current will be shunted through the fim* wire helix, the iron core of the latter will raise 
its armature, and establish a circuit of low rcisistance independent of tho carbons. 

When the short circuit is closed, very little current circulates hi the fine wire helix, and iho 
magnet would drop its armature and open the circuit, were the armature not retained by some means 
other than the magnetism due to tliis helix ; but the coarse wire helix surrounding tho same iron 
core is now brought into action, and the armature is retained. 

The carbons employed in these lamps are covered with a thin coating of copper, and are 12 in. 
long. They burn, without renewal, al^ut eiglit hours, and during this tiine about 9^ in. of tho 
positive, and 4 in. of the negative are consumed. When it becomes desirable to operate the lumps 
more than eight hours continuously, double-rod lamps are used. lu eacli of these lamps two 
movable rods and two sets of carbons are employed. The rods are placed 3 in. apart, and each is 
moved and controlled in the manner described. Both rods are actuated by a single* magnet, the 
same as that employed in the single-rod lamp. The simple lifting mechanism connected with the 
magnet is so arranged, that one of the rods is lifted slightly in advance of tho other. WJien tho 
electric current first passes through such a lamp, the two sets of carbons, having th»dr members 
in contact, will divide the current between them ; but as soon as the members of one set are sepa- 
rated by the action of the magnet, the whole current is thrown through the other set, without 
showing any spark between the members of the set first separated. When the continued action of 
the magnet separates the remaining jwiir of carbons, the voltaic arc appears, and the light is esta- 
blished. The clamp which was the last to raise its rod will be the first to release it, when a forward 
movement of the carbon becomes necessary. Hence, the set of carbons which first commenced to 
bum, will continue to do so until consumed, the other set remaining separated as at first But when 
the burning carbons are exhausted, and can no longer move forward, any further effort of tho 
magnet to feed them, will at once bring tho reserve set of carbons into contact ; (he whole current will 
then pass through this set, leaving tho other carbons without current, and permanently separated. 
The reserve set of carbons will now be separated by tho magnet, and burn continuously. In prao- 
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tico, the transfer of the voltaic arc from one set of carbons to the other is accomplished instantane- 
ously, and is scarcely noticeable. 

By means of these double-rod lamps, a system of lights may be maintained in continuous 
operation sixteen hours without attention. This is sufficient for the longest winter night. But 
by introducing three rods, and three sets of carbons in each lamp, the lights may be maintained 
for twenty-four hours. In this case the clamps lift their rods successively, and feed them in the 
reverse order, as before. 

In working, sixteen lamps are employed on one circuit, which for 200 ft. may bo No. 10 copper 
wire, and each of the sixteen lamps normally, has an arc of about one-twelfth of an inch. 

Measurements have been made for the purpose of determining the differerico of potential 
between the terminals of each lamp, witii the sixteen lamps adiusted to furnish arcs as nearly equal 
as possible. An opposing battery method was employed, ana gave as result a difference of 42*46 
Daniell’s elements. 

As the report by C. F. Brush includes the only published moasuremonts of the power absorbed 
in working more than one light on a single circuit, the resistance of the components of tho circuit 
and the distribution of work are given in the following statement : — 

Expendituub of Power in Working Sixteen Lights on a Single 


Circuit. Brush System. 

Resistance of dynumo-eleetric machine 10*55 ohms. 

Resistance of external circuit 72*96 „ 

Total resistance of circuit 83*51 „ 

Resistance of voltaic arcs 70*86,, 

Percentage of current available for external work 87*36 „ 

IVrccTitagc of current appearing as lieat and light in sixteen 

voltaic arcs 84*00 „ 

Electro-motive force of current 839*02 volts. 

Volume of current .. ., 10*04 wtibers. 

Total driving ixjwer required 15*48 h.p. 

Driving power absorbed in production of current 13*78 „ 

Energy of current expressed in h.p 11* 285 „ 

Percentage of gross power converted into current .. ,, ,, 72*90 „ 

Percentage of alworbed jjower con vorte<l into cm rent .. .. 81*89 „ 

Percentage of gross power appearing in arcs 01*24,, 

I VTcentage of absorbed power appearifig in arcs 68*79 „ 


Referring to tho electrical moasuremonts, there is a current of 10*04 wehers, with a total resist- 
anceof 83*51 ohms. The value in foot-pounds of any current i8(C*R x i) 0*737335, where C is the 
ennent in wehers, U tlie total rt sistance of the circuit in ohms, t the time in seconds, and 0*737335 
tho e<iuivalent in foot-poumls of one wol)cr for each olnn a second. Hence, tho value in foot-pounds 
a minute, of tlie current from the 16 light machine, is 10*04* x 83*51 x 60 x *737335 = 


332110*58. 

Again, 


This divided by 30,000 = 11 *285, which is the energy of the current expressed in h.p. 


llj^^ 

15 ^ 48 ' 


•729; 


hence, 72*9 i>er cent, of tho total power applied at tho pulley of the machine was converted into 
current. As 81 per cent, of tim entire energy of the current appeared in the voltaic arcs, 72*9 
multiplied by *81 = 61 **2-1, the pero(*ntage of the total driving power appearing in the arc. 

If friction and resistance of air be deducted fr(»ra the gross power absorbed, and tho power 
actually absorbed in the production of current only coiisidered, as is usual in detormiiiiug tho 
efficiency of dynamo-electric machines, 


11*285 _ 
13*78 ^ 


•8189; 


or 81 ^79 per cent, of the absorbed power is converted into current. As before, 84 per cent, of this 
current appearing in the arcs, 81*89 x *84 = 68*72 per cent, of the entire power is absorbed in the 
pr(Hiuetion of current, present ns heat and light in the sixteen arcs. 

In RapiefTs lamp, Figs. 1167 and 1168, the vertical arrangement of the carbons is maintained, 
but instead of ont» positive or negative carbon, each carbon is duplicated. The duplicate parts are 
placed relatively to each other in the form of a V, and touch only at their ends. Each carlion 
passes through a holder with a small guiding whetd, at about 2 in. from tiio end. The current 
enters the carbon at this point, and is not carried tlirough the whole length of the carbon. Tho 
resistance is thus maintained uniform. The electric arc is produced between the upper and lower 
pairs of carbons ; and tho position of the carbons is determined by the intersection of the two axes of 
the carbon rods, so that a constant length of arc is necessarily consequent, whatever may he the rate 
and irregularity of consumption. Eacm carbon rod moves freely between guides in the direction of 
its length, and is drawn through these guides by a cord and weight, to form the a(>ex of the V with 
tho other rod. The motion is stopped by the two carbons impinging against each other. The 
plane of the upper pair of carbons is at right angles to that of the lower pair. Fig, 1 167 is of a lamp 
thus constructed. When the current is interrupted tiie lower pair of carbons is kept in contact 
with the upper pair, by the liotiou of a light spiral spring phiceil in the base of the lamp, and acting 
througii a vertical rod passing up one of the pillars. To the free end of each of the carbon 
rods is attached, by a screw clip, a silk thread, which, passing over pulleys, is attached to a we^ht 
sliding up and down the two pillars. This weight tends to draw tne carbon pairs together. The 
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current established, the lower pair of carbons is drawn away from the nijper by the ^ 

SSragnet, in the base of tTrolamp. Pig. 1168. The eleo^magnet “ “ cTus^ JSS 
ia fixed while the other is hinged, so that the passage of the current through the ooilfl oau^ t 
hing^’magnet to approach the fixed one, lift the sliding rod, and sep^te ti>e J?,® w 

of tho lump contains also an automatic shunt, which throws into the 
to tlmt of the aro, wl.on the lamp is extinguislied. When the ourreiit ceases “ 
electro-magnet, the armature is released, and falls back against a fixed contact piece, mtroduc g 
into the circuit an artificial resistance of carbon. 



Fig. 11(>9 is of another form of UapielTs lamp in which tlio two pairs of carbons are lurranged 
side by side, instead of vertically above each other. Alx)ve the arc is a cake of lime, which serves 
to reflect the rays, as well as to maintain the illmiiinating power during momentary cessation of tho 
current. Tiiese Limps can be employed with currents of single or alternate direction. In one 
instance, the pairs of carbons are equally consumed ; in the other, the ]) 08 itivo carl)on8 have to l>e 
made twice as long as lie negative carbons ; and in either the point of intersection of the axis of tho 
carbons, and consequently of tho length of tlie arc, must remain constant. Six of these larnps have 
been worked on a single circuit, but no data are available os to tho power absorbed lor light 
produced. 

Hedge’ slainp, Fig. 1170, somewhat similar in form to Staite and Edwards’, differs in that the 
voltaic arc is automatically adjusted us to length. The carbons are free to slide in tulKfs or guides. 
The two electrodes thus arranged meet at an angle on a circular block of refra(?tory material, such 
as lime. When the circuit is established, the arc is caused, by the separation of the two carbon 
points by an electro-magnet placed in the circuit of the lamp, and shown attacho<l to one of tho 
guides. Tho block of lime is made to revolve either by gravitation of the carbon, or preferably by 
a small motor, in order to remove the ash of thj carbon. As the lime block becomes intensely 
heated the light is maintsiiiied steady. 

Loutin has intrcxluced a form of lamp, in which tho action of gravity is dispensed with, 
allowing of any length of carbon being employed. Clcxjkwork or an electro-motor causes a bar, 
running parallel with the carbons, to revolve. The motion is imparted by bevelled wheels to 
others which cause the carbon carriers to revolve, and to carry the carbons, arranged horizontally, 
gradually forward. The carriers hold tho carbons about 2 in. from the end of the carbon point, 



ELEOTBIOAL ENGINEERING. 


673 


reducing the resistance to that due to this length of carbon, instead of giving that of the whole 
length as in many systems. ^ 

Lontin's original lamp is a modification of that of Serrin, and consists in substituting for the 
electro-magnet a metallic bar, so arranged that its expansion, under the heat produced by the 
passage of the current through it, causes ’the separation of the carbon points. In another form, 
Lontin inverts the action of the Serrin lamp, causing the current to be interrupted where, in the 
ordinary form, it was continuous. 

In Thomson and Houston’s system, one or both of the carbon electrodes are caused to vibrate. 
The electrodes are placed at such a distance apart that, in their motion towards each other, they 
touch. These vibrations are made at such a rate that the eifect of the light produced is continuous. 
A flexible bar, 6, of metal, Fig. 1171, is firmly attached to a pillar p, and, at the other, bears an iron 
armature, a, placed opposite the adjustable pole-piece of the electro-magnet m. A metal collar c sup- 
ports the negative electrode, and an arm j the positive electrode. The pillar p is divided by insula- 
tion at *, into two sections, the upper one of which conveys the current from the positive terminal 
to the arm j and the rod R. The magnet m is placed in the circuit. When the current circulates, 
the armature a is attracted, and the electrodes separated ; on the weakening of the current the 
elasticity of the rod b again restores contact. During the movement of the negative electrode, 
since it is caused to occur many times a second, the positive electrode, though partially free to fall, 

1171. 1172. 


cannot follow the rapid motions of the nega- 
tive electrode, and therefore does not rest in 
permanent contact with it. The slow fall of 
tlie positive electrode is ensured by propor- 
tioning its weight. The rapidity of movement 
of the negative carbon may bo controlled by 
means of the rigid bar /, wiiich regulates the 
length of the vibrating arm. 

In order to prevent a break from occurring 
in the circuit, when the electrodes are con- 
sumed, a button, w, is attached to the upper 
extremity of the rod R, at such a distance that 
when the carbons are consumed as much as is 
deemed desirable, it comes into contact with 
a tripping lever T, which allows two conduct- 
ing plugs, attaclied to the bar to lull into mercury cups, attached to the positive and negative 
terminals by a direct wire. 

The object of the vibration of tho electrodes in this system is to aid illumination by the extra 
spark, as well as to help the formation of a voltaic arc that is nracticully continuous. 

In tho Wallaoo-Pariner lamp no carbon rods are employed; tlic carbons take tlie form of two 
plates. Fig. 1172, each about 9 in. long and 3 in. broad,' the upper or positive plate being double the 
thickness of the lower plate. The lower plate is fixed, but the upper plate slides in a grooved 
frame. Above the frame an olectro-maguotio apparatus provides for the separation and contact of 
the plates, os the strength of tho current may regulate. 1'he arc, always seeking the |x>8ition of 
least resistance, sliifts from point to'poiut between the ][>1atcs, as these are consumed. Tho plates 
are sufficiently large to last for a hundred hours, and six of these lumps can bo burnt in a single 
circuit. 





674 


ELECTRICAL ENGINEERING. 


Fig. 1173 is of Werdermann*8 lamp. A block of oarl)oii is counooted to the negativo pole of the 
electrio source, the positive pole being connected to the carbon rod, which is thin, but of any required 
length. The carbon rod is kept in contact with the block by means of a weight and a cord passing 
over a pulley. The lamps are arranged in circuit in multiple arc. It might appear that this is a 
lamp in which Illumination is due to incandescence iSf the carbon, but M. Werdermann contends 

11Y3. 1174. 


that repulsion between the carbon rod and disc gives a small 
arc, which adds greatly to the brilliancy of tlie iighl. 

Fig. 1174 is of Reynier’s lamp, different in eoustruetioii, 
but similar in piinciple. The carbon rkI impinges on a 
carbon wheel, tlie revolution of which is muintaiuiMl either 
from the rackwork of tliC descending carljon bolder, or from 
the tangential com])oncnt of the pressure of tbe carbon pencil 
on the circumference of the disc. A brake is employed for 
retarding the fall of the carbon ro<l, and is ojjerated entirely 
through the rod. The contact wheel is carried by a lever ; 
the pressure exerted by the carbon on the wheel cjiuscss a 
shoe to press on the face of a wheel, which is revjilved by 
means of the weight of the heavy rod, through its rack uu<l 
pinion. Accordingly, as the |K>int of the luminous con- 
ductor passes more or less heavily on the disc, the brake will proportionately retard the descent of 
the heavy carbon holder. Contact is established, not at the end of the carbon holder, but by a 
lateral spring contact, abemt ^ in. from where tbe carbon presses on the wheel. 

Andre’s lamp is suitable for lighting mines, but may ^ applied to otlier purposes. In 
Figs. 1175 to 1177 a a are four carbon rods, and h b four copper discs, eacli having a small 
piece of iridio-platinum let into the point upon the rim touched by tlie rods The carbon ro<ls 
a are enclosed in tubes A, sliding easily, and are lightly pressed down by small loose weights. 
d is on intervening button or guide piece in which the upper end of the carbon is inserted. 
By means of a commutator, one of the carbons only is kept in a state of incandescence at a time, 
and when that one is inoperative, the next carbon is automatically rendered iricandosccut. To 
prevent waste of the carbons, and as regards mines also to prevent fire-damp explosions, the ciirlnm 
rods a are enclosed in a glass cylinder C. As the oxygen is consumed by the combustion of the 
carbon, the rate of wasting of the latter is gradually lessened, and in the oourso of, stiy, half an 
hour, the enclosed atmosphere will consist of only nitrogen and carbonic aedd. 

The discs 6 are connected together by a central bar c, and the two outer discs h are, by screws 
/, pivoted ecccntncally to the bracket F. The negative pole is by the bracket F comieeted to 
the discs 6. The enclosing tubes A are for this purfiose connected to the positive pole through 
the standards D, and have each at the lower end a lever //, the outer and heavier end of which 
serves to press the carbon against tbe lower part of the tube A. The part of the lever coming 
against the carbon is hollowed out so as to partly embrace it, to produce good electrical contact, and 
cause the current to enter the carbon from botii sides. TJje carbon in burning away leaves a siii- 
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ceous deposit on the metal disc on which it rests. This deposit oanses occasional sudden wtinotiro 
the liffht bv interrupting the current ; another cause of extinction is the softening to a pasty 
TOnsistenfy of ^the lowor*^ part of the carbon, causing this part to adhere to the tube at the pl^ of 
contact. To obviate these disadvantages, a turning action is imparted to the disc b. B is an electro- 
magnetic core, with coils round it connected to the brneket F and to one ot the outer ^s. for the 
return of the current. The armature O of this electro-magnet is fixed to the central bar « of the 
discs 6- H is a stopper for preventing the armature G from receding too far from the core H. ; K is 
a stop^r on the opposite side for preventing the armature from approaching too near to trie 


1175. 


1177. 








clcftro-niagiii t, and whicli may also be provided with a coil, 
coniiectcd to tlie rod I for tlie return current, but shorter than 
the coil on the cere E ; iJius ])roducing less resistance to the 
current, and caubing a sm.ill part only to act on tho electro 
iiiagnet after tlie armature hns been attracte<I. 

When the currtmt pa.stOs through tho (k»ils of the electro- 
magnet, the armature is attracted, and the carbons arc pullet! 
over into good contact with tho lower entls of the tidies. Tho 
largtJr jiortion of tlie current is shunted through tho stop K to 
tlie terminal r« d I, in order to lessen tlie attractive force of the 
electromagnet, and to diminish the resistance. In case tho 
ourrent is interrupted at the ]»lace of incandescence, the arma- 
ture G is let go from the position shown, and a spring h then 
turns the eccentrically mounted discs slightly in the direction 
of the arrow, causing the disc to rise a little, and the carbon, if 
stuck, to bo releiised, and any siliceous deposit on the discs 
ini>hed away hy the carbon point. When the circuit has been restored, the armature will be 

attracted again, and the discs turniHlinhi their fornix , . 

J’he commutator Fig. 1177, combines two or nmro electro-magnets A, B, and C, with their 
respective armatures b, c, in such a manner that, when the connection to one of the carbons in the 
hunp is interrupUd, the corresponding oloctro-inngnet rcleasf^s its armature, and this then serves 
to throw tho current through tho electro -magnet corresponding to the next carbon, causing it to 
li«dit The luimbor of electro-magnets is one less than the number of carbons. 

Each armature when not uttrnctod forms contact with a pillar A’, B', C', respectively. Supposing 
tliiTo are four carbons, one of which only is to be alight at a time, the current passing first through 
tho coils of an electro-magnet A, placed lietween two other electro-magnets B and C ; the armature 
« of the middle magnet A being attracted, will bo drawn away from a contact A* connected to the 
coil on tlie top magnet 0, and the wire connectiou from the middle magnet A to the coil of the bottom 
magnet B, will cause the armature b of this magnet to be attracted, and drawn away from the 
contact B' connected with the binding screw 2 for the second carbon. 

The coil on the bottom magnet B is connected to the terminal binding screw i for the first 
bottom carbon. If tliis carbon becomes inoperative, the armature b for the bottom magnet B 
will bv its spring 6' be pulled over against thu contact B' in connection with the terminal binding 
screw 2 connecteil with the second carlxin, and no current will pass through the bottom or top 



676 


ELECTEICAL ENGINEERING. 


electro-magnet coils B and O respectively. When the second carbon becomes inoperative, the 
armature a of tlie middle magnet A is let go and comes against the contact A'. The armature c of 
the top magnet O is then attracted, and the current passes through the armature a of the middle 
magnet A^ through the coils of the top magnet 0 and to the terminal or binding screw 3 for the third 
carbon, and so on. 

P. JabloohkofTs electric candle consists of two cylindrical carbon rods, about in. diameter, each 
weighing about 8 grains an inch. These rods, varying from in. to 10 in. in length, are placed 
vertically side by side, with about in. space between them, which is filled with plaster of Paris. 
This combination constitutes a candle, and it is inserted in a holder, Fig. 1178, and there held 
merely by a spring clip. To complete the circuit and to start the lighting of the candle, there is 
laid horizontally, from top to top of the carbon rods, a small piece of graphite or load from a drawing 



pencil. When once lighted, combustion is maintained by fusion of the plaster of Paris, and tlio 
candle, if once extinguished, cannot he relighUxl, The fusion of the insulating material is found to 
absorb about 30 per cent, of tlio electric current. The relative consumption of carbon on this system 
is sliown by tlie following table, where the first light is obtained from a constant current system, 
and the second from a candle ; — 

Table VH. 


Light 

Length consumed 

Approximate 

Crains of Oarlxm 
an Hour lor CiiiiUle* 
pO^\e^ of Light. ‘ 

in CarKlies. 

in Inches an ifuur. 

Weight ill Grains. 

705 

315 

20-3 

0*106 i 

760 

30 

7*5 

0*060 1 

1 


But with alight of 1230 candle-power from a continuous current system, only *002 grain of carbon 
for each candle-jMiwer of light has been consumed an hour, showing the advantages of tho diflerent 
systems respectively. 

Fig. 1179 represents the arrangement of the lamps and machines ujx)n tho Jablochkoff-Grammo 
system, usually employed with the Jablochkoff candle. To effect the ignition of a fresli candle, an 
automatic arrangement has been devised, which consists of a jnvoted bent lever pressing by a spring 
against the side of the candle. This lever at its other end makes contact with the connection of a 
second candle, when released by the consumption of the first. 

The oV>jection8 to the Jablochkoff candle on the score of dilBculty in relighting, and loss of cum*nt 
consumed in the fusion of tho insulating material, lead Dc Meritens to place between tho two carbon 
rods, but not in contact with them, a third rod, of al>out half the diameter, instesad of the insulating 
substance. The electric arc plays from the outer carbons to tho interiuediute rod, whicli is cmi- 
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Burned. The arc thus divided has less probability of total extinction, and requires lower expendi- 
ture of power to produce, as it has less distance to leap. 

Bapiefirs candle lamp, Fig. 1180, is a return to mechanical aid. There is no insulating material 
between the carbon rods, and their distance apart is regulated by a screw. The holder of one of the 
carbons is connected to the armature of an electro-magnet concealed in the stand. When no current 
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is passing, tho upper ends of the rods ure brought into contact by a spring, attached to the armature 
of the movable carbon. When a current passes tho armature is attracted, and the carbons are sepa- 
rated to tho distance ncc^jssary to produce tho arc. Upon interruption of the’ current the armature 
is released, and the circuit again completed. 

H. Wilde’s candle lamp is similar in principle to tho preceding, but includes an automatic 
switch, which by means of a sjiring brings successively into play a series of lamps as the consumji- 
tion of carbon regulates, the temporary cessation of current releasing a table upon which the 
lamps are fixed. This table revolves, and brings into contact, with tho conductors, another 
lamp. 

TJjo production of the electric light by the incandescence of a badly-conducting substance, has 
been regarded by electricians as presenting the most simple and advantageous system. But there 
are difficulties aUending the plan not apparent at first sight, and the chief is choice of the material to 
be raised to incandescence. Metals are subject, even platinum and iridium, to accidental fusion by 
sudden increase of current ; carbon, although infusible, oxidizes when heated in contact witii air, 
and has to be renewed. Means of removing the air, and maintaining an atmosphere froo from 
oxygen, have not been carried out in practice. Platiuized asbestos, finely divided oxides, plumbago 
mixed with kaolin, have been proposed, but these substances have not hitherto given satisfactory 
results, becoming brittle under the influence of the intense heat, or otherwise suffering change after 
short periods of use. 

King, in 1845, first proposed the use of a carbon rod, which was supported between two blocks of 
carbon, in a glass vessel from which the air had l^ecn exhausted. Lodyguine, in 1873, re-introduced 
tho system, diminishing the soetioii of tho carbon at tho luminous point. 

Konn’s lamp containtxl two carbons, the second being brought into use when the first was 
consumed, by the simple expedient that consumption of the first allowed a trip hammer to fall into 
contact with the second. 

In Bouliguino’s incandescent lamp, the carbon rod was forced upwards by a counterweight into 
the olip-jaws of an upper holder. When tho current ceased, an electro-magnet released these jaws, 
allowing tho broken carbon to fall out, and its place to be supplied with a new length of tho rod, 
under the upward action of tho oouuterweight. 

None of these lamps are now in practical use ; but a modification of the system has been adopted 
in the Sawyer-Man burner in use in America, In this burner the incandescent portion consists of 
hard wood-charcoal quenched in oil, by which a very dense steel-like carbon is obtained, through the 
condensation of the carbonized oil in the pores of the heated charcoal. 

Fig. 1181 is of T. A. Edison’s incandesoent lamp, in which fusion of the platinum coil, used as 
the bad conductor, is prevented, by shimting the current when too intense, by the expansion of the 
coil itself, or by its radiating effect. The spiral A is connected to the supports B and C, and is 
surrounded by a glass cylinder. K is an expansion bar, fixed firmly above, and attached also to a 
lever F, which can connect electrically the two conducting supports B C. The rod K will expand 
in proportion to the heat of the coil, and, if the beat becomes too high, injury to the coil is prevented 
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by the expansion of the rod K oausing the lever F to close the circuit at I, and short circuit 
the current from the coil A. Immediately the rod K cools, the short circuit is withdrawn. 

Whether the use of carbon or of platinum is the more economical iias yet to be determined. 
Ayrton has shown that light should be maintained in a carbon rod by a minimum electro-motive force 
of about half a Danieirs cell, whilst one-third cell only is required for platinum. But the same 
quantity of caloric raises the temperature of a small bar of 
carbon, to a degree nearly twice that attained by a platinum 
wire of the same dimensions. The resistance of the carbon 
is about 250 times that of the metal, so that a carbon rod may 
be fifteen times thicker than a platinum rod to give the same 
result. 

The maximum light attainable in practice in any system of 
incandescent burners appears to be of 250 cnndle-jwwer. Be- 
yond the temperature necesstiry to produce this amount of light, 
the fusion of the siliceous impurities in the carbon affords 
much difficulty. Economically considered, when the light 
asses that of 100 candles, the system of incandescence rapidly 
ecomes disadvantageous, as ooraparod with that of the arc, 
whilst the use of the arc becomes cheaper as the light-centre 
is more intense. 

Ayrton has also remarked, that the insulating material in 
the Jablochkoff electric caudle owes its imperfect success to the 
fact, that when it became heated, the resisting power was greatly 
diminished, so that there was a great loss of current through 
leakage from one carbon to the other. Wilde shows that the 
employment of this insulating substance is needless, for when ho 
used a Jabhichkoff candle with only air between the carbons, 
the electric current passed from carbon to carbon, at the top, 
and not along the whole length ; and furtlier, if tho arc were 
started, by means of a wire placet! and withdrawn, at any other 
part of the parallel carbons than at the top, it immediately proceeded to the top, at which placo 
alone it continued to shine. 

Wilde attributed this curious effect to the oonvoctive action of the heated air, considering, in 
fact, that tho air was blown up to the top of the carbons, very much ns a lighted piece of paper is 
blown up a chimney. Ayrton has shown, that while convection of the air greatly lissisted tho 
action, tho fact that the arc would travel downwards if the lamp were inverted and lighted at the now 
upper part of tho carbons, near the inctul carbon holders, proved that the cause of tho motion was 
not only quite distinct from air convection, but was sufficiently strong to overcome such convection, 
and that the explanation was, that this motion was Cixused by the repulsive action between tho 
currents in the carbons, and that constituting the arc itself, in accordance with Ampere's law, 
concerning the action of a current on another at right angles to it. 

With considerable experience in the practical manipulation of most of tho systems for electric 
lighting, P, Higgs has found that some systems presented considcmble, anil that others of more 
d(dicacy of adjustment, necessary to practical employment, gave insupcnible, difficulties. Theso 
difficulties arise chiefly from three causes: that the carlxxiis are not homogeneous, the current 
inconstant from variations in tho resistance of the circuit, and generally from the want of promjit- 
ness in the mechanism of the lamp to respond to the variations so caused. Most of these; electrical 
apparatus have been devised either with too broad or imperfect views, or with only special appli- 
cation. In the case of cnrlx)n holders carrying 7 or 8 in. of carbon to be consumed, the resistance 
of this amount of carljon, if the matcTial is not of the higliest quality, is likely to exceed that of 
the arc and lamp itself ; and this resistance, constantly varying, has to be com|KniHatod for by 
the mechanism of the lamp. This imperfection has Ixjen avoided by Rapieff, Werdermann, and 
Ijontin. Some inventors have recognized it, and have proposed, as a remedy, to electrotype ttio 
carbon rods with a conducting metal ; but the practical electro-metallurgist is cognisant of the 
difficulty of obtaining regularity in such deposits of metal, and the expenses of the Coating i.s, 
besides, to be taken into account. In each case the kmg lengths of carbon become heatcKl, and 
with coppered carbons, the mass of metal is insufficient to carry away tho heat generated by tlie 
passage of the current. 

The first aim of the electrician who lias to maintain an efficient and steady light is, undoubtedly, 
to obtain as constant a current as it is possible with cither a battery or an electric machine. Battery 
currents vary, as a rule, very gradmilly ; currents proiluced by mechanical motion are subject to tho 
irregularities of that motion. IMie slip of belting, the beats due to want of balance in the flywheel, 
are represented in the electric current with too much fidelity for the comfort of the electric-light 
engineer. But with care these causc‘8 of irrepilarity can bo avoided, and the needle of even a 
delicate galvanometer, interposed in the circuit of a well-set machine, driven by a steady motor, 
will remain fixed at a degree of deflection representing the current strength. 

But this steadiness vanishes immediately the electric lump is introduced into tho circuit, so far 
as the light is concerned. This occurs partly because the lamp is, as regards the light it emits, a 
much more delicate current measurer than the galvanoraetor. The; light power from the carbons 
of an electric lamp depends not directly upon the current strength, but iucreases or decreases far 
more than proportionally. 

The heat produced by the current varies as the square of the current strength, and the light 
varies in some such ratio as regards the heat. Thus, a variation in current intensity, measured by 
the number 2, may be considered in illustration m causing a variatiou of 16 in the light intensity. 
It is, therefore, needful to avoid causes of variation in the lamp, for these, it is evident, will have 
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Bimilar effect upon the light intensitT to thoBe arising from the machine. Indeed, variations intro- 
duced by the lamp cause variatiouB to occur from the machine, unless the latter extremely well 
governed. 

A decrease of resistance in the circuit causes more work to be thrown upon the motor, and con- 
versely. If the motor, in consequence, momentarily slackens or increases speed, there must elapse 
several moments before the same conditions, as cxist^ before 
the disturbances, are again established, and the largest of 
these variations are certainly visible as variations in the 
light. That most of those variations are due to reaction 
from variations in the lamp itself, is proved by the superior 
steadiness of the light produced on the principle of incan- 
descence alone. This fact has caused many inventors to 
overlook the cost of the light produced merely by incan- 
descence, and to avoid in their lamps the use of the voltaic 
aro, with what appears to be its necessary attendant irregu- 
larity. 

Higgs’s lamp, illustrated in Fig. 1 1 82, is an attempt to 
avoid as much as possible causes of irregularity, and at the 
same time to produce a light with small expenditure of 
power. It utilizes the principles of incandescence, of the 
arc, and of the extra spark. It consists of an electro-magnet, 
in face of which is an armature mounted on a spring. The 
armature carries a block of carbon, iron, or compounded 
material as a negative electrode, which is not consumed, or 
is consumed with extreme slowness. The positive electrode 
is a carbon rod, carried in a tube and falling with a certain 
friction imposed by a weighted lever, which admits carbon 
rods of several sizes to be introduced, as may be best suited 
to the strength of the current. The falling of the carbon 
can be aided by a weight or spring. The distance of the 
bottom of the tube from the negative electrode can be 
adjusted, and limits the length of carbon rod rendered 
incandescent by the current. When the current passes, 
through the positive carbon coming into contact with the 
negative electrode, the armature is attracted, and the voltaic 
arc and (‘xtra spark appear ; the current, weakened by this 
action, fails to keep the armature attracted, and in this 
manner constant vibration of the negative electrode is 
established. This vibration is imperceptible to the eye. 

Its advantage, beyond that of producing the extra spark, 
which spark itself appears to afford aid in maintaining the 
voltaic arc, is that the armature has no dead point, and 
floats, as it were, above the electro-magnet, in a condition 
to respond promptly to magnetic efft^cts caused by larger 
increments or decrements of current strength. 

It is preferable to place an insulated spring between 
the end of the friction-lever and the armature, instead of 
the W'eight on the end of the lever ; the carbon rod is then 
allowed to fall freely w hoii required, and as released by the 
rising of the armature. 

With four ordinary Bunsen elements, sufficient light 
has been obtain(?d to illuminate a shop CO ft. by 40 ft. ; 
and uiK>n the single circuit of a dynamo-electric machine 
absorbing 2^ horse-power, four lights, of about 400 candle- 
power eaci), have bec^n obtained w'ith evifficient steadiness to 
road by with comfort. 

Telephones. — Probably the earliest instrument devised for transmitting sound by the agency of 
electricity was the musical telephone invented by P. Heis, in 18C0, who afterwards introduced the 
improved form, Fig. 1183. The instrument is in two parts, a transmitter A, and a receiving 
instrument R. The transmitter has a membrane 8, stretched over a circular hole at the top of a 
cubical box A, in front of which, and opening into it, is a mouthpiece M. The membrane vibrating 
in unison with the impulses it receives from musical sounds played near it, transforms those impulses 
into a series of electrical currents, by a simple make-and-break arrangement </, and these currents 
acting on the receiving instrument, which may be hundreds of miles distant, reproduce the corra- 
Bponding notes, so that a tune played at one station can bo distinctly beard at the other. 

Reis's receiving instrument is founded upon the phenomenon discovered by Page in 1837, that 
a distinct sound accompanies the demagnetization of an iron bar, placed in an electro-magnetic 
helix. It consists of a soft iron bar al^nt the size of a knitting needle, surrounded by a helix of 
wire, which forms po-rt^ of a^ voltaic circuit, including the battery B, with the transmitting 
instrument ; and, for intensifying the efiect, both instruments aro provided with sounding- 
boards. 

When notes are sound^ into the mouthpiece, the membrane is thrown into vibration, and a 
platinum plate, attached to its centre, makes and breaks contact with a contact screw, and in so doing 
completes and interrupts an electric current which traverses the receiving instrument, the bar of 
whi^ becomes magnetized and demagnetized at each oomplete vibration. By this means, the note 
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Bounded into the transmitter is reproduced by the receiver, the action of the two instruments being^ 
isochronous. 

Vurley devised a musical telephone, using a tuning fork, in conjunction with an electrical con- 
denser, to transmit vibratory currents to a distant stcation, and tliere to reproduce musical sounds. 

P. Lacour has constructed a remarkable instrument, termed a phonic \vh(‘ol, which is susceptible 
of many important applicutions. I'his wheel, which is in reality a small elcctro-raagnetio machine, 
is so arranged that, when set in motion 
by electric vibrations produced by the 

action of an electro-diapason or tele- ^ 

phono, it obtains a perfectly uniform -w— 

rotary movement, which is not interfered 
with by external mechanical reaction 
not snftieiently powerful to arrest it. 

Fig. 1184 is of the phonic wheel, con- 
sisting of a toothed wheel of soft iron, 
movalde about its axis, facing which is 
placed a straight electro-magnet, so that 
one of its jxiles, when excited, reacts 
upon the tet th without contact, nimilar 
to the notion of electro-magnetic ma- 
chines having n direct movement of 
rotation. If a smies of currents having 
equal duration and intervals, as trans- 
mitted by an electro diapason, be si iit 
through the electro-magnet, tlie r« aciioii 
of the latter upon the teeth results in a 

series of aiti active efttxjts, which can 

maintain an initial movement coinmuni- ^ 

cuted to the wheel, and rendering this 

perfectly uniform, when the ra])idity of 

rotation is such that the wheel traverses 

in each period occupied by a current, a 

space e<iual to the distance between tlio 

consecutive teeth. Currents thus trans- 

mitted are distributeil by an electro- 

diapason or telephone, Fig. 1185, which 

consists of a tuning-fork placed horizontally, with its stem projecting through a wooden 
stand k. 

The position obtained at each movement by tbi.s wheel, is such a functie»n r>f the times as can bo 
designated as mobile equilibrium. The reality of its existence can be proved by slightly urging (>r 
retarding the wheel in its motion. If the movement bo oi)posed, the attraction will accelerate it 



more than retard it. If the velocity of the wheel be au^ented, the retarding action will bo greater 
than the accelerating action. Thus a slight deviation communicated to the wheel in either 
direction is compensated and rendered valueless, by reason of the compensating attractions ; and the 
mobile equilibrium constitutes therefore a condition of stable equilibrium. 

Lacour states, if an clectro-magnetic diapason is caused to react upon a current traversing the 
electro-magnet of a phonic wheel, this wheel, when once it has obtained a movement which causes 
one tooth of the wheel to pass in front of the electro-magnetic pole during each eleotrio wave, will 
preserve a position of uniform movement, which can be termed a regulated movement analogous 
to that of repose of the wheel when one particular tooth is attracted in tlio direction of the pole. 
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If the phonic wheel be travelling with a regulated noiotion, and an external force tends to slightly 
deviate it from the position of mobile equilibrium, the phono-electric current causes it to return to 
this position. But if this force remains constant, the wheel, still preserving its velocity of rota- 
tion, will find another position of mobile equilibrium, which will depend upon the force and its 
direction in reference to that of the rotation. It is this constancy in tho velocity of the phonic 
wheel, despite external forces, that permits of its application to chronographs and to apparatus in 
which a synchronous motion is necessary. These forces must not, of course, exceed a certain limit. 
If the external force exceed the limiting value,*the mobile equilibrium is destroyed, and the 
velocity of the wheel accelerated or retarded according to the direction of this external force. The 
maximum mechanical force measured is 1 kilogrammetre, =7*23 foot-pounds, a minute. 

There are other velocities at which the phonic wiieel may be, and may maintain itself in 
a position of mobile equilibrium. If the wheel turns with a velocity only half that which 
corresponds with the regulated movement, so thiit one tooth x^asses the ix)lo for every two waves of 
the phono-electric current, tho relation of each tooth to one of the two waves of the phono-electric 
current, will be exactly the same ns that when the wheel is regarded as in regulated movement, 
and this wave maintains tho stability of the mobile equilibrium, which might be maintained by tho 
other wave, if the magnetic pole and the teeth of the wheel presented a sharp angle. 

Tho phonic wheel can maintain itself in rotation with velocities which are the nearest 
sub-multiples, or multiples, of the velocity of the regulated movement of rotation. At all velocities 
tho phonic wheel turns equally well in either direction. 

The phonic wheel is susceptible of a uniform velocity only between certain limits, by reason of 
the frictions and external actions to wliich it is subject. Tho limit depends upon tlio construction 
of the wheel, and its extent is small, if any electrical conductors capable of influencing the wlieel 
by induction are in its locality. Lacour has cxxjcriinented with some i)honic wheels, which work 
only with a velocity determined by 100 waves a second, while others work only under the 
influence of a x>hono-electric current giving GOO waves, in tho same space of time. 

Tho angular velocity of the x»houic wheel do[X)nds, not only uf>on tho acuteness of the sound 
emitted by the vibrating apparatus, but ui)on the number of teeth. Lacour has tried wheels 
having 18, 20, 24, 30, 30. GO, and 100 teeth, and obtained with all a regulated movement under the 
influence of a rather uciito phono-electric current, without being able to decide which number 
produced the movement with tho greater certainty. Wheels having a small number of teeth are 
more diflicult to set in motion, having a greater velocity of rotation, l^aconr shows, with regard to 
lineal vol(K-ity, that a phonic wheel with eighteen teeth, in which the distance between tho median 
lilies of two adjacent teeth was 20 milliinetrcs, can turn with nn interiupted x)hono-clectric current 
giving 245 waves a second, which gives, as the lineal velocity, 245 x 21 mm. = 5m. 145, or about 
20 kilumetr(-8 an hour. The ijhouic wheel is of great value when a high constant velocity is 
required. It is ax»plioablo as a counter in measuring tho velocity of other movements, it being 
simply requisite for this puri>ose, to cau.se tho wheel ti) act synchronously with those movements, 
and as it is provided with a registering apxiaratus, the velocity of the movements cun be easily 
determined. If the vchxjity of a wheel in a machine is rcquireil to be determined, a hKithed wheel 
is fixed to the axis, having the same number of teeth as the phouic wheel, and the former is used as 
an interrupter, the phonic wheel moving synelironously with it. 

If the velocity to be measured is too great to allow of its corre8xx)nding with that of the xihonic 
wheel, a groove can be niado in the axis, allowing of a contact at each revolution, which will be 
denotetl by a single tooth of the phonic wheel. 

When used as a counter, the i}houic wheel moves equally, thus offering at a distance, if neces- 
sary, a correct representation of the movements of the machine; it never misses, irs it is impossible 
that a single tooth of tho wheel should be piissed over without the wdioel stopping altogether, and 
it can count with greater rapidity than any other rapid counter. 

One of the most important applications of the wheel is to telegrai>hic systems roquiriog 

perfectly synchronous movements, such as Hughes’ printing instruments and Meyer and Baudot*s 
multiple telegraxihs. For this purpose a supxK>rt carries on its upj^r portion an ivory wheel, in tho 
surface of which* are sunk sixty equidistant and insulated metallic plates. These plates are con- 
nected, by means of conducting wires, to sixty binding screws fixed to the base of the apparatus, 
where they are arranged in two circles at different levels, so that tho plates communicate alter- 
nately with an U|>per and a lower binding screw. Tliese plates have a smooth surface, on which slides 
a revolving friction piece, mounted on the axis of a phonic wheel with thirty teeth, which is placed 
beneath the brass disc concentrically with it. To the left are seen the x)oles of tho acting electro- 
magnet, which traverse tho support of tho apxmratus, and are brought into proximity with the phonic 
wheel. At tho sending station the diux)ason transmits phono-electric currents to the electro-magnet 
of tho phouic wheel, and the revolving wheel, touching in succession all the x^lates, sends alternately, 
through the line wire, the currents of two batteries, wdiich being connected with the even and odd 
plates by polos of opxKisite sign, furnish charges alternately negative and x^ositivo. 

At the arrival station, tliesc currents, after having traversed the electro-magnet, and set in action 
tho electro-magnetic sysWm of the phonic wheel, are conducted to the supiwrt of the latter and to 
tlio friction piece, which tmusmits them to tho plates, and causes them to j)ass to earth. In traver- 
sing the electro-magnet, these phono-eleolrio currents mainhiin in synchronous and continuous 
vibration the diapason, which vibrates under the same oouditions as the diapason at the sending 
station, and which causes the whotd at the arrival station to turn synchronously with tho other 
wheel at the sending staiion, and the friction piece over the plates at the arrival station, 

exactly at the same moment as the other friction piece passes over the corresponding plates at the 
sending station. 

The negative and positive x>oles may bo Bcx>arated, and made to produce the effect of distinct 
currents in opx>osite directions. If the odd plates he pluctxl in contact with a galvanometer, before 
the circuit is put to earth, tho series of negative waves will produce a continuous deflection in a 
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determinate direction, opposed to that of the deflection produced by similarly oonneoting the even 
plates to earth through the instrument. 

By acting upon tne electro-magnet of the phonic wheel at the arrival station, it is possible to 
obtain a maximum deviation, which will then indicate that each positive or negative wave passes 
wholly or mainly through the even or odd plates. This conbtitiites a means of regulating the synchro- 
nism of the two apparatus, and also one for obtaining the maximum effecte of the current. 

To bring the homologous plates into connection when the apparatus is adjusted, a commutator 
may be employed at the arrival station, furnished with thirty conductors, which are in communi- 
cation on the one hand with the thirty even plates of the phonic wheel, and on the other han<l with 
the thirty telegmphic instruments wdiich it is intended to work ; and it is brought successively on 
to the diflbrent contacts, until the currents sent by one of the transmitting instruments arrives at the 
receiving instrument with which it is intended to correspond. The commutator, under these 
conditions, will produce the same effect as if tlie friction piece had been taken by hand to the nlate 
with that touched by the friction piece at the first station, at the same moment. It is possible^ to 
transmit from the sending station, through the intermediation of thirty instruments, signals wliich 
will 1)0 reproduced by the same number of instruments at the arrival station : and each of these 
instruments can transmit as many signals a second, as the number of revolutions made by the 
phonic wheel in the same space of time. 

This instrument is applicable to scientific research, insomuch that if it be necessary to study any 
phenomenon, manifesting itself at a given moment of the period of transmission of an electric wave, as, 
for instance, the force of a phonic-electric current at difterent moments of its emission, the phonic 
wheel can supply the requisite indications. It is simply necessary to arrange an inBulatc<l contact 
piece, so that tlie tet*th of the phonic wlieol may touch it at the moment when the phenomenon is 
to be observed. By making the current pass through this interrupting system, a derived circuit 
is obtained, which can easily bo studied, and which corresponds to tliat phase of the wave which 
has to be considered. 

On account of its uniformity of motion, the phonic wheel can be employed to measure, or repre- 
sent gniphically, the velocity of rotation at each moment of any apparatus or niHchine. 

Laconr shows that there are various methods of proceeding; one of the simplest is, the axis of a 
phonic wheel maintained in regulated movement by means of a diapason carries a thin black disc, 
perforated with equal and equidistant holes, arrange<l in the form of scivernl concentric circles, ttm, 
for instance, of which that which is nearest the centre contains five holes, the next ten lioles, and so 
on, np to the tenth circle, which will contain fifty holes. Upon looking down upon a white surface 
through this revolving disc, the circles appear as circular zones of a grey colour, and concentric. 

The machine of which the velocity is to l>c measured produces the rotation of a cylinder, which is 
painted with black and white stripes, of equal breadth, parallel to its axis. This cylinder, which 
appt'ars of a grey colour, is situated beneatli the disc descriljcd. If tlie machine iK>88esHC8 a velocity 
capable of making the cylinder advance by thirty-five stripes, for instance, for every rotation of the 
phonic wheel, the seventh zone of tlie disc will show the black and grey bands motionless. If the 
velocity of the cylinder augment slightly, the bands will be seen to move in the direction of tlie 
rotation of the cylinder, and the greater revolution of the latter the more rajiid will seem to be this 
motion of the bands. If the velocity continue to augment in the eighth zone, other bands will 
appear, wliich, commencing with a rapid motion in the direction opposite to that of the former 
bamls, gradually slacken, as the bauds of the bcvcuth zone move faster, and finally remain at rest. 
TJie macliinc will then have a velocity cajiuble of making the cylinder advance to the extent of forty 
black strii)e.s, for every rotation of the phonic wheel. 

The application of the apparatus is very simple. The zone which exhibits the stationary bauds 
is at once perceived, and the velocity of the cylinder is proportionate to the corresponding number 
w'hich is inscribed upon a fixed scale, with which tlie apparatus is supplied. Should the zones show 
bands apparently moving in contrary directions, the velocity of the cylinder is bomewhere between 
those corresponding to these two zones. This method allows of direct observation at any moment 
of the velocity of the cylinder, and of any variations of this velocity. Other arrangements of the 
apparatus allow of numerous researchc.s on the phenomena of induction, static charges, the velocity 
of electricity, and the determination of geographical longitude. 

One of the most original of musical telephones is that invented by Elisha Gray. It is founded 
on a pljcnomenon first observed by Gray, that when a dry, thin, metallic surface, connected to one 
end of the secondary current of an induction coil, is rubbed by the hand, while the operator is 
holding the other end of the secondary wire, a sound is emitted by the hand at the poiut of contact 
with the metal, which sound has the same pitch and quality as that given out by the contact- 
breaker of the coil. Kaising or lowering the speed of vibration of this contact-breaker, immediately 
raises or lowers the pitch of the note. From this Gray was led to construct a keyboard containing 
an octave of keys, each of which on being depressed started into vibration a reed, which, while 
giving out the note corresponding to its key, transmitted to the induction coil at the receiving end 
an intennittent current of electricity. With this transmitting instrument the finger of an assistant 
at the other end, was cau8<;d to reproduce whatever tunes were i)laycd on the keyboard. 

Fig. 1186 is of Gray’s receiving telephone; in using this instrument the tliin metal chamber is 
connected through the stand to one terminal of an induction coil, in circuit with the musical sound 
transmitted at the distant station, and the ojierator, taking hold of a wire a connected to the other 
terminal, presses liis fingers on the metal surface while he turns the handle with the other hand. 
With this simple apparatus every tunc played at the transmitting end is reproduced, and the more rapid 
the rotation the louder the sound, no sound whatever being emitted when the rotation is suspended. 

Graham Bell’s articulating telephone was introduced in 1876, and is largely in use. In its early 
stage the transmitting instrument consisted of a horizontal electro-magnet, in front of which and 
pcr])endicular to the plane of its axis is fixed a brass ring ; over this a membrane is stretched, 
tightened by moans of screws ; to the centre of this membrane is attached a small oblong piece of 
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iron, situated immediately in front of, and almost in oontaot with, the poles of the electro-ma^et t 
binding screws on tho stand of the instrument are used to place the coils in circuit with the receiving 
instrument. This was formed of a thick tube of soft iron, enclosing a vertical bar electro-magnet, 
rather shorter in length than itself, tho two being so connected at the lower end that, while the 
central bar under the influence of the current assumed 
north magnetic polarity, the tube surrounding it became 
by induction a south polo of annular form. To the top 
of this tube was fastened, by a small screw, an iron disc 
about the thickness of cartridge paper, and this disc, 
under the influence of a voltaic current, was held firmly 
down bv the annular pole, its centre being in front 
of the shorter central pole. It thus constitutes a dia- 
phragm held by its edge by magnetic attraction, its 
centre being presented to the north pole of a magnet as 
in the later receiver. The action of the instrument 
may bo explained as follows: When sound waves are 
projected against the membrane of the transmitting in- 
strument, the iron strip attaclied to it is set in motion 
in the manner descritied, an<l plays to and fro in front of 
the poles of the electro-magnet, in oberlionoe to the im- 
pulses of the sonorous vibrations ; by this action a series 
of variations in the strength of the currents are induced, 
propoitional to and synchronous with tho variations in 
the movement of the membranes, and tlieae variations are transmitted by the connecting wire to 
the receiving instrument, and are reproduced there and converted into sonorous vibrations by means 
of the diaphragm armature of the receiving instrument. 

Fig. 1187 is a section of a recent form of this instrument, in which several improvements have 
been introduced. The most imp<jrtunt 
of these is the compound nature of the 
magnet, which is composed of four bars 
of steel of flat rectangular section 
placed in two pairs, which are sepa- 
rated by a similar bar of soft wood, and 
united at their upper extremity to a 
soft iron pole-pioce,whieh is surrounded 
by the coil of insulated wire in circuit 
with the distant station. The ca.BO is 
constructed of ebonite, and tho mouth- 
piece screws down over tho body of tho instrument, so as firmly to hold the edge of the ferrotype 
diaphragm between itself and the rest of the cose. 

In the Gower telephone. Figs. 1188 to 1191, the magnet o describes a segment of a circle, the 
narrow, oblong poles N S, which are brought close together in the middle of the chord, being wound 
with flat coils of fine wire, each having a resistance of GO ohms. The magnet is composed of 
French steel, magnetized by a process that enables it to support ten times its own weight. The 
coils approximate very closely, and the flat coils exert magnetic effect upon the diaphragm. The 
diaphmgm consists of a soft iron plate in. in diameter. A brass ring holds it down upon the 
ledge of the box, which supports it. 

The box is of brass, on account of the greater resonance of metal compared to that of wood, and 
its uniformity of expansion and contraction. Fig. 1188 is of the back of the cover of the box, 
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having a flexible speaking tube oommunioating with the diaphragm, and binding screws for the 
connecting wires. 

The call of the Gower telephone consists of a hamionium or concertina reed, Figs. 1190, 1191, 
fixed to the under side of tho diaphragm M, opposite a narrow slit in the latter. Air sent through 
the speaking tube passes through this aperture in the diaphragm, and agitates the reed, which 
sounds like a miniature trumpet or horn, and being placed within the ma^etic field transmits its 
note over the telephone wire to the distant station, where it can be distinctly heard. Fig. 1190 
shows the position the call occupies in the instrument. 
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Fig. 1192 is of the Ader telephone. An iron wire, or strongly magnetized needle M is soldei^ 
at each end to a mass of copper E and D, and surrounded by a bobbin or coil of insulated wire. 
The copper mass D is soldered to a larger mass of lead O, which is perforated longitudinally at O O, 
to allow the ends of the coil to be brought to the binding screws at F, by which the telephone is 
connected in circuit. The metal mass D C must be phonetically insulated from the mass E, to 
prevent confusion of vibrations, con- 
sequently D G is encased in a sheet 
of indiarubbor H. The ear-piece A 
is fitted to tlie instrument, and on 
listening, while the vibratory cur- 
rents flow in tlie coil, the sounds 
are audible. • 

The general form of T. A. Edi- 
son’s first telephone scmicwhat re- 
sembles the hand-telephone of Btdl, 
although all analogy ends at this 
point. Through the middle of the 
body of the case passes a stem, 
terminating at its upper extremity in a shallow cylindrical box or cup ; this stem can bo raised or 
lowered by means of the adjusting screw at the lower end of the case; the cup referred to contains 
a thin platinum disc, and superimposed upon it a button of carbon, with a second disc of platinum. 
This series is held in place by an annular cover screwed down on the l)ox, and a thin diaphragm is 
employed, being held in place by the mouthpiece, which is screwed down upon it, a small piece of 
rubber-tube being introduced between the diaphragm and the upper platinum disc, in such a manner 
as to exert a constant, hut light, j^ressure upon the latttT. The upper and lower discs of platinum 
are connected respectively to the two terminal screw's, by wdiich the instrument is placed in circuit 
with the battery and receiving instrument at the other end of the line. The action of this instru- 
ment depends upon tljc varying resistance of the carbon disc, due to variations of pressure exerted 
upon it by the movement of tlie diaphragm, under the influence of sonorous vibrations impinging 
upon it. 

The latest form of Edison’s carbon transmitter. Fig. 1195, has a carbon disc containcHi within 
an ebonite ring, screw'ed to the metallic portion of the frame forming one of the connections of the 
circuit, and the carbon button A rests upon this metallic surface. Tlie other face of the button is 
covered with a disc of platinum foil, connected to an insulated terminal, and forming the other 
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circuit connection ; this foil is cemented to a disc of glass, in the centre of which is placed an alumi- 
nium stud, that bears against the dia[)hragm 1) of the instrument. This is an exceedingly simple 
and compact fonn of telephone. 

A novel form of Edison's telephone, Fig. 1197, includes a transmitting telephone, a call bell, 
and a receiving diaphragm. The connecting wires h show the connections hot ween the transmitter 
and the binding screws to the Ijattery. 

F F is a cast-iron standard, into which one end of the spring B is fixed. The pressure of tin's 
spring is regulated by the screw B. The main axle is suiiiiorted by the boss in F F. and is connectcid 
to the handle H, by the train of wheels W W'. This handle can be rotated by hand or automatically. 
Upon the main axle is placed a chemically prepared cylinder of chalk K. The cylinder is a composi- 
tion of chalk and potassium hydrate, with a small quantity of acetate of mercury, moulded round a 
brass reel, lined with platinum on the parts in contact with the mixture, which is kept moistened. 

A metallic strip is arranged upon, and at riglit angles to the cylinder, fastened to the diaphragm 
at D. The pressure of the metallic strip is regulated by the screw 8. The diaphragm, Fig. 1197, 
consists of a mica plate 4 in. in diameter. A damping roller M rests in a trough of water and is 
arranged to be raised against the chalk cylinder when necessary. 

The action of this apparatus is as follows ; — Between the metallic strip resting on the chalk 
cylinder and the chalk, there is a certain amount of friction, and if llie cylinder bo caused to rotate 
away from the dUiphragm, this friction tends to draw the diaphragm towards the cylinder. The 
amount of movement given to the mica plate, depends upon the friction between the cylinder and 
metid, and the friction rises and falls with the quantity of current paB.-ing, the greater the current 
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the less the friction, and conversely. By this means the fluctuations of the current produced in the 
carbon transmitter are faithfully reproduced as sound in the telephone. 

The crown telephone, devised by G. M. Phelps, has been used with excellent results in com- 
bination with the Edison carbon transmitter. It consists of an ordinary combination of diapliragm, 
bar magnet and coil, but, in addition, there is a group of six permanent magnets, bent into a 



circular form, and having their similar poles joined up tlio central bar carrying the coil. Tlie 
other ends of these magnets are attached to the edge of the diaphragm. The double crown 
instrument, Fig. 1198, is a duplication of the radial group of magnets described, n pair of coils also 
being introduced. These coils are so connected tliat the currents generated by the vibrations of the 
discs are mutually strengthened. 

Anotlicr form of the Phelps telephone, Fig. 1196, includes a permanent bar magnet, bent so that 
the poles arc brought near to each other. Attachctl to brackets on the poles of this magnet are two 
coils, of)po8ito which are two diaphragms H, and between them is the centnU mouthpicco T opening 
into a chamber M, in which the pulsations of the air in talking, act upon the diaphragm through 
lateral openings. The coils are connected together, so that the currents generated by tlie vibrations 
of the diaj)hragm arc in the same direction when united, and are consequently much stronger than 
when only one coil is employed. A similar instrument receives the messages at the other end of 
the lino. There is anotljer form of Phelps’ instrument, which consists of a mouthpiece placed at 
the upiHir part of an oval clwniitc case, containing a bent magnet connected to the bar carrying the 
coil behind the diaphragm, the other iK)le being attached to the periphery of the diaphragm, in the 
same manner as are the bar magnets in the crown telephone. 

In Breguct’s telephone. Fig. 1199, the transmitter and receiver are alike, and consist of a glass 
vessel containing mercury, over which floats some acidulated water, Tiic pointed glass tube 
dipping into the vessel also amtaius mercury. These two 
vessels are connected, and over the toj) of each tube is 
n mouthpiece and diaphragm. On speaking above the 
tube of the transmitter, the vibrations are transmitted 
through the mercury, and contact is made with the 
acidulated water by means of the small opening left 
in the tube. The vibratory movements of the mercuiw 
by this means generate electro-capillary currents, which 
flow through to the receiving instrument, and repro- 
duce the conditions which generate them, thus giving 
out the sounds spoken at the other end. 

The sounds that arc heard in a telephone are 
produced by the vibration of the metallic plate or 
diaphragm, which is set in motion by the variation of magnetic intensity in the permanent magnet 
placed behind it, which variation of magnetic intensity is produced by a current of electricity tra- 
versing the coils, this itself constantly varying in intensity according to the motion of the diaphragm 
at the distant station. It is not the current alone that produces these results, but tho undulatory or 
constantly varying nature of that current. If at the distant station a single cell of a voltaic battery 
be substituted for the telephone, there will be beard in tho receiving instrument a loud tick wlien- 
ever the circuit is either made or broken, and if this be repeated with high and uniform velocity, as 
would bo effected by using a tuning-fork as a contact-breaker, a musical note will be hear^ in 
tho telephone. 

If iiistcc^ of breaking and making contact between a battery and a telephone, the resistance 
of the circuit or of the battery bo suddenly changed, a sound is produced in tlie telephoue more 
prolonged and more variable. It is this variation of resistance, producing a variation of the current, 
that led to the invention of tho mierophono by Hughes, Fig. 1193. 

It consists of a small pencil of gas carbon A, such as is used in the electric lamp, pointed at 
each end, and lightly supported in a vertical position between two little cups, scooped out of the 
surface of small carbon blocks O 0, which are attached to a thin sound ing-boai^ secured to a more 
solid base board. The blocks 0 C are connected by tho wires X and Y, to tho battery and lino- 
wire leading to the telephone. This simple apparatus, rough as it is, is a most delicate instrument. 
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Not only is articulate speech taken up by it, and transmitted by it to a distant station with great 
l^wer and distinctness, but it detects and converts into loud noises the minutest possible Tibra- 
lions. The slightest stroke or the lightest touch, given to the base board, is sufficient to produce a 
loud grating noise in the telephone. 

Another of Hughes's telephones is that illustrated on page 584, where Fig. 1194 is an elevation 
of the instrument. A is a small hollow cylinder of tin plate, closed at one end by the membrane N N 
of parchment, stretohm over it like the head of a drum. To the centre of the membrane is attached a 
small block of pine, which carries the slip B, also of the same material, the block being of sufficient 
thickness to cause the farther end of me slip to be clear of the edge of the drum, so that the 
whole of the rest of the apparatus is supported solely by the centre of tlie membrane. Upon 
the slip of pine is fastened one of Hughes’s articulating microphones, having a lever of brass L, 
pivoted at its centre of gravity between two BuptK>rt8, and carrying at one end a small slab of pre* 
pared pine charcoal C, which is maintained by the spiral spring S, at a constant pressure against a 
similar slab of charcoal below it, the latter being attached to the slip of pine. Tlie degree of 
’ ’ “ bv tumincT tlio milled head M, woereby 


at C, Fig. 1194, are, under the influence of an 
r mechanical vibration, 


or conducting aural investigation with absolute 
such an instrument. It is represented 
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by the accompanying Fig. 1200, and consists of a small bed-plato with a bracket at each end to 
carry a horizontal rod 200 millimetres in length, and of the section shown. At one end of this 
rod is fixed a bobbin f/, with 100 metres of insulated wire wound upon it, and at the other is a 
similar but smaller boblun c, upon which is wound about 1 metre of insulated wire. These coils are 
so connected together as to have opposite, but necessarily inductive, influences upon b. They are 
placed in circuit, with a battery, a galvanometer, and a clock>microphone. Sliding on the rod is the 
third bobbin carrying 100 metros of wire, in every respect similar to the bobbin a, and having a 
telephone in circuit with it. Induction will make the clock audible by means of the telephone, but 
with varying loudness, according to its relative distances from the bobbins o and c ; but mere exists 
a point on the rod where the induction from c is eciual to, and entirely neutralizes that from u, and 
absolute silence then ensues. This zero point is nearer to c than a, on account of the diiTereiico in 
the power of the coils, for if both were cqtial the zero point would be equidistant botwocii them. 
The only object in making a and c of dinerent proportions is to ensure a longer range or scale. 
The rod is divided into centimetres or any other convenient units. To test the aural power of any 
person, it is only necessary to place the telephone coil against the bobbin a, and slide it slowly 
towards zero, until the point is reached when the ticking of the clock becomes inaudible ; the 
scale on the rod then indicates exactly the aural power, which can bo thus denominated by a 
number, the value of which may be fixed to any convenient standard. 

A second application of Hughes’s balance is represented by Fig. 1201. In this a different prin* 
ciple is employed, for whereas in the audiometer one coil is shifted to and fro until perfect equi- 
librium is attained, in this one a perfect electrical balance is pennancntly established, and upon 
its accuracy the delicacy of the instrument depends. It consists of two hollow cylindrical boxes, 
around each of which are wound two parallel coils. One pair of these is connected by a line, 
and is placed in circuit with a battery and clock-microphone. The other pair is also connected with 
a wire, and joined in a telephone circuit. The induction set up in the secondary lino, from the current 
passing through the primary coils, is balanced by the reversal of one of the bottom coils, and adjusted 
to an absolute silence point. The distance between the two boxes is immaterial. If any metallic 
substance, a coin for example, be placed in one of the boxes, the balance is destroyed, by the resistance 
set up in the l>ody of the metallic substance introduced, and the ticking becomes audible, and so deli- 
cate can the adjustment be made, that if two coins, similar, but not absolutely identical in weight or 
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composition, be introdaoed, the difference can bo at once detected by the sonnd. In this way the 
existence of impurities in metals, or of inequalities in alloys, too minute to be discovered by analysis, 
are instantly detected, while perfect similarity is also as instantly proved. 

A result of T. A. Edison’s experiments with his carbon telephone transmitter, is the construc- 
tion of an instrument for detecting minute changes of temperature, which greatly surpasses the 
thermopile in delicacy. 

In determining the thickness of carbon buttons best suited to the transmission of articulate 
sounds, Edison discovered that within certain limits increased thickness gave increased sensitive- 
ness ; but after using the instrument a short time it became inarticulate, and finally inoperative. 
Investigation proved this to be the result of expansion of the hard rubber handle by the heat of the 
hand. This difficulty was overcome by a different method of attaching the carbon button, 
suggesting at the same time a new use for its extreme sensitiveness. 

The micro-tasimetcr, Fig. 1202, consists of a rigid iron frame for holding the carbon button, which 
is placed between two platinum surfaces, one of which is fixed and the other movable, and a 
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device for holding the object to be tested, so that the pressure resulting from the expansion of 
the obje<;t acta upon the carbon button. 

Two posts, A B, project from the rigid base-piece C. A vulcanite disc D is secured to the 
post A by a platinum-hea<led screw, the head of which rests in the bottom of a shallow circular 
cavity in tlic centre of the disc. In this cavity, and in contact with the head of the screw, the 
carbon button is placed. U[K)n the outer face of the button tliere is a disc of platinum foil, which 
is in electrinil communication with the Ixatiery. A metallic cup G is placed in contact with the 
platinum disc. 

The post B is about 4 in. from the post A, and contains a screw follower H, that carries a 
cup I, between which and the cup G is placed a strip of any substance whose expansibility it is 
de.sircd to exhibit. The post A is in electrical communication with a galvanometer, and the 
latter is connected with the battery. The strip of the substance to be tested is put under a 
small initial pressure, wliich deflects the galvanometer needle a few degrees from the neutral 
point. When the needle comes to rest, its position is noted. The slightest subsequent expansion 
or contraction of the strip will be indicated by the movement of the galvanomcter-needle. A thin 
strip of hard rubber placed in the instrument exhibits extreme sensitiveness, being expanded by 
hent|from the hand, so os to move the needle of a very ordinary galvanometer tlirough several 
degrees, which is not affected in the slightest manner by a thermopile facing and near a red-hot 
iron. The hand, in this experiment, is held a few inches from the rubber strip. A strip of mica 
is sensibly affected by the heat of the hand, and a strip of gelatine placed in the instrument is 
instantly expanded by the moisture from a damp piece of paper held 2 or 3 inches away. 

The instrument is arranged for these experiments in single circuit, but for more delicate opera- 
tions it is connected with a Thomson’s rejecting galvanometer, and the current is regulated by a 
Wheatstone’s bridge and a rheo.stat, so that the resistance on both sides of the galvanometer is 
equal, and the light pencil from the reflector falls on 0® of the scale. 

The disturbing elfect of electrical induction uwn telegraph and telephonic lines, was treated 
at length by D. E. Hughes, in a paper communicated to the Society of Telegraph Engineers in 1879, 
and he then detailed a series of ex()erimeuts, which resulted in the introduction of mechanical arrange- 
ments for effectually eliminating, from a group of any number of lines, the effects of induction, 
assuring the protection of each and all, whetiier one or more lines are l^ing worked at the same 
time. 

Edison’s method. Fig. 1203, simply has reference to the protection of one wire, such as a circuit 
against the influence of other circuits, without regard to their influence upon one another. 

Edison’s arrangement consists in placing one or more electro-magnet^ Fig. 1203, in the circuit 
of the telephone, and one or more electro-magnets in the circuit of the adjacent wires, and bringing 
the opposite cores of the wire magnets at such a distance from the cores of the telephone magnets, 
that a certain magnetic action will be sot up in the latter, by induction in the opposite direction to 
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the induction currents from the adjacent line or lines. By adjusting the distance between these 
magnets when tihe telephone is not in use, until there is not any sound at the diaphragm from 
the induction currents, then those currents will be neutralized, whether strong or weak, and will 
not produce any false sounds when tlie telephone is in use. 

C. H. Wilson, of Chicago, was one of the first to pr)int out an arrangement by which two tele- 
graph lines may bo compensated for induction. , Wilson’s device. Fig. 1204, consists of a bar of soft 



iron carrying two coils of insulated wire, which are respectively placed in the circuits of the tw’o 
wires. The cftcct, therefore, of a current traversing one of the coils would \)0 to induce in the other 
coil a corresponding magneto-electric cmrent, ami tlie coils are so connected to their resiHjetivc lines, 
that the currents induced by tlie coils, aro in a reverse direction to those induced by the lateral 
induction of tlie line wires, liut as a magnehi-elcctrio current so protlucod would in most cases 
produce a more powerful effect than that due to lateml induction, Wilson sliort circuits each of the 
coils, through a resistance box R and R, and these resistances aro so balanced again.st one another, 
and adjusted for the relative influences of the coils and lines, that mutual compeusiition is ensured. 
Electro-magnets are also introduced into the circuits, to act as condensers, for prolonging the duration 
of the eft'ects produced, so as to make the apparatus equally applicable for long as for short circuits. 

Electric Fire-Alarms . — There are many contrivances for automatically announcing the origin of 
a fire to the inmates of a building or the watchman on duty. A Bain’s fire-alarm consists of a 
column of mercury in a thermometer completing a battery circuit, and sounding an alarm, when tho 
temperature of the locality in which it is placed, rises to a certain degree. This was among tho first 
examples of this species of fire-alarm, and it is one still largely employed in wnn houscs and in tl»o 
holds of ships. Many difterent arrangements have been devised to effect the same ])urpose, such as 
inflammahle threads and strings passing through apartments, tho explosion of bombs, and tho 
dilatation of wires or bars of alloys by increase of temperature, the expansion of air, or some other 
gas, in a vessel having an elastic wall, and other more or less comjdcx met-haiiisms. Du Monocl 
invented an electro-automatic thermometer similar to Bain’s, but it was only intended to maintain 
the temperature of rooin.s or workshops Ixjnenth a certain fixed datum, and not to bo a fire tell-tale, 
although it might have been easily modified for that purpose. It is obvious that such tell- 
tales with fixed maxima are open to some objection, since, in order to prevent false alarms, it is 
necessary to know’ the niaximiini temperature which the apartment ordinaiily acquires, and from 
the fact that a fire might have broken out, and made considerable headw’ay, in some }>art of tho 
place, before the fixed maximum temperature was reached on the tell-tale. 

All these plans, however, only give the alarm when a certnin definite temperature, decided upon 
beforehand, has been reached. The fire-alann of Jules Ijeblauc, of Tourcoing, France, is, therefore, 
an improvement iqion the foregoing methods, inasmuch as it signals all sudden elevutions of tem- 
perature whatever. 

Leblanc’s tell-tale will automatically follow or adjust ibelf to the normal variations of temperature, 
however high they may be, in the room in which it is placed, and under the iniluenee of a sudden and 
abnormally rapid rise of temperature will actuate an alarm signal. It is based upon the property which 
certain materials, such as felt, thick woollens, and the like, possess, of behaving as good conductors of 
heat, when the heat varies by insensible degrees, like tliat emitted by the sun or stoves, but as bad 
conductors when the variation in question is sudden and accidental. It is, in fact, a kind of differen- 
tial thermometer, regulated automatically. Tho part sensitive to heat is constructed of zinc, which 
is one of the metals whose coefiScient of expansion is the highest. Fig. 1205 represents an elevation 
of the apparatus, fixed upon a base of wood little liable to expand and warp under licat ; C and O 
two upright metal supports bolted to the base ; between these is a w’oodon plank on edge, upon which 
are fastened two expansible plates of sheet zinc, about CO centimetres lung and 0*05 centimetre 
thifk, cut from the same piece so as to expand equally. They are doubled ifito a gutb^r shape, to 
render them more rigid, and are fixed at one end to the support C, while being free to move at tJie 
other end tlirough openings in tho support. One of these plates, B, is covered with a wrapper of 
cloth or felt, which retards the effect of sudden changes of temperature on the metal within it ; the 
other plate, on the contrary, is bare, and susceptible to the surrounding changes of temperature. Of 
exactly the same length and of similar quality, these two plates give 8<3nsibly tlio same linear dilata- 
tion for each degree. The two zinc plates are arranged one aliove tho other, with some little space 
between them ; only the upper plate is shown in tlie plan. Fig. 1205. B' is a square box s^ildeicd to 
the extremity of the plate B, and E' is a small bar fixed to the box B', but isolated from it, and 
carrying an adjustable contact screw E. By means of this screw tho range of tho tell-tale is regulated* 
TJie head is milled with 120 teeth, and each tooth represents a quarter of a degree of teiuperaturey 
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so that an interval firom a fraction of a degree to several degrees Centigrade, may be at will 
adjusted, between the contact point of the screw and the spring platinum contact F, at^hed to 
the free end of the bare zinc, according to the degree of sensibility required in the apparatus. The 
bare zinc carries at its extremity a metal piece which has two spring contacts, which are intended 
to make contact with the screws E and M. when the bare plate expands far enough. M' is a 
small insulating bar supported by the base board D, and carrying the second regulating screw M, 



which is added to the apparatus os a second tell-tale of the old sort, namely, with a fixed maximum, 
determined beforehand. It has fifty teeth round its head each representing a degree Centigrade. 
The screws E and M are connected by wire with the terminal P, to which is led one pole of a 
battery, and the fixed ends of the zinc plates are also connected by wire to the terminal N, to which is 
led the other pole of the battery. When the bare plate expands sufficiently far to carry the spring into 
contact with the screw E the battery circuit will be completed, and a local gong in the circuit actuated. 
There are small spring ratchets gearing in the teeth of the screws E and M, and holding the latter 
in their adjusted po.sition8. All the contact points are faced with platinum, to avoid oxidation, and 
the whole is enclosed in a protecting case to exclude the dust of even the foulest atmospheres. 
In use the screw E is adjusted so as to leave an interval of one degree between it and the contact 
spring. So long us the variations of temperature in the room are sluggish, the flannel or felt round 
the zinc j)late B, which carries the screw, will not interfere with the sensitiveness of the plate 
it covers, and both plates, the covered as well as the bare, will keep pace with each other in their 
expaTision. Tlio relative distance of the two contacts will therefore be preserved with very little 
alteration, since the screw is carried by one plate and the spring by the other. But if there is a 
sudden rise of tom()eruture duo to any cause, such as the outbreak of a fire, the bare plate will first 
fe(*l its effects, and expand so rapidly in relation to the plate swathed in flannel, that the spring 
contact will lie carried forward into connection with the screw contact, the electric circuit will be 
completed, and the alarm will be sounded. 

The case of a sudden rise of temperature is that to be most frequently anticipated ; but there 
might be fires which take their rise slowly and gradually ; this would prevent the closing of the 
circuit in the manner described, and defeat the object of the tell-tale. This contingency is provided 
for by adding to the differential maximum arrangement an auxiliary oontact, which takes place at a 
fixed maximum temperature. ’ The best side for the tell-tale is, usually, near the ceiling of the apart- 
ment it is applied to, in some place where heat tends to accumulate under the action of air currents, 
determined by the disposition of the doors and windows. 

Electric Transmission of Power, — As all dynamo-electric macliines can be made to yield electricity, 
through rotation imparted to them by the expenditure of mechanical power, so can this power be 
reclaimed in part by causing the current generated by one machine to be passed into the coils of a 
second machine. This second machine \Nill then rotate in an opposite direction, about 50 per cent, 
of the mechanical j>owcr expended ujmju the pulley of the first machine, being obtainable from the 
pulley of the second. This is the basis of electrical transmission of power. 

The questions of distance to which power may be economically transmitted, and the amount of 
power transnutted, are limited by cousideratious of the size of the conducting cable, the size of the 
generating and receiving machines, and the limit of the magnetic saturation of the iron cores of the 
clectro-ma^ets in the machines employed. In practice much more will be found to depend upon 
the limit of magnetic saturation than is generally allowed. 

As a matter of fact, however, wliere us much power as can be got through a cable is to be trans- 
mitted, the thickness of the cable required to convey such power is of no particular moment, and 
Professors Houston and Thomson state that it is possible, should it be deemed desirable, to couvey 
the total power of Niagara, a distance of 500 miles or more, by a copper cable not exceeding } in. 
in thickness. This is an extreme case, and engineers in practical working would not require 
sucli restrictions as to size. The following considerations will elucidate this matter. Suppose two 
machines connected by a cable of, say, 1 mile in length. One of these machines, for example. A, 
is producing current by tlic expenditure of power *, the other machiue, B, used as an electrical 
motor, is producing power by tho current transmitted to it from A by the cable O. The other 
terminals, and y, are either put to earth or connected by a separate conductor. 

Let it be supposed that the electro-motive force of tho current which flows is unity, since, by 
the revolution of B, a counter electro-motive force is produced to that of A, the electro-motive 
force of the current tliat flows is manifestly the difference of the two. Let the resistance of A and 
B together be equal to unity, and that of the mile of cable and connections between them the 
0 * 01 of this unit. 

E 1 

Then tho current which flows will be C = « = au additional maobine A', motor 

U 1 'U1 
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B', and an additional mile of cable be introduced into the above circuit, the electro-motive force 
will be doubled, and the resistances will be doubled, the current strength remaining the same, as 


B 104-101 ^202 


Here it will be seen that the introduction of the two additional machines A' has permitted 
the doubling of the strength of the current which flows, and yot allows the expenditure of 
double the power at A A', and a double recovery at B B', or, in other words, a double transmission 
of power without increase of current. 

Increasing the number of machines at A, say to one thousand, and of those at B in like pro- 
portion, and the distance between them, or in the case supposed one thousand miles, the diameter 
of the conducting cable remaining the same, then, although the same current will flow, yet there 
will be a tiiousaiid times the expenditure of power at one end of the cable, and a thousandfold 
recovery at the other end, without increase of current. And the same will bo true for any other 
proportion. 

Since the electro motive force is increased in proportion to the increase of power transmitted, 
the insulation of the cable and machines would require to bo proportionally increased. 

As an example, it may be mentioned that a dynamo-electric machine used for A may have a 
resistance of, say, 40 ohms, and produce an electro-motive force of, say, 400 volts. Such a machine 
would require from 3 to 5 horse-power when used in connuction with a suitable motor B, for 
recovery of the power transmitted. 

If the resistance of the motor B be, say, 60 ohms, and the cable transmitting the currents a 

distance of 1 mile be 1 ohm, then the currents O = ^ 1^00 machines and 

004 - 404-1 101 

1000 motors and 1000 miles of cable, each of the same relative resistances, be used, the current 

C = 2000 X manifestly the same value as before. If the sup|>osltion of the power 

used to drive one machine be correct, then from 3000 to 5000 horse-power would he expended in 
driving the machines, and about 50 per cent, of this amount recovered. Then there would be from 
1500 to 2000 horse-power conveyed a distance of 1000 miles. What diameter of copper cable will bo 
required for such transmission ? Since this cable is supposed to have the resistance of 1 ohm to tho 
mile, calculation would place the requisite thickness at about ^ inch. If, however, the distance be 
only 500 miles, then the resistance a mile may bo doubled, or tho section of the cable bo decreased 
one-half, or its diameter will be less than one-fifth of an inch. 

For the consmuption of 1,000,000 horse-power a cable of about 3 in. in diameter would 
suffice under the same conditions. However, by producing a much higher electro-motive force, 
the section of the cable would bo proportionally reduced until the theoretical estimate might be 
fulfilled. The enormous electro-motive force required in the foregoing calculation would, however, 
necessitate such perfect insulation of the cable, that tho practical limits might soon bo reached. 
The amount of power required to be conveyed in any one direction would, of course, be dependent 
upon the uses that could be found for it, and it is hardly conceivable tliat any one locality could 
advantageously use the enormous supposed power referred to. 

Stripped of its theoretical considerations, the fact still remains, that with a cable of very limited 
size, an enormous quantity of power may be transferred to considerable distances. 

In a subsequent series of experiments, details of which are unpublished, the Professors Thomson 
and Houston have succeeded in transmitting cousidcmblc power through a wire only 0*004 in. in 
diameter. W. Thomson has made statements that are in general accordance with these views. 
C.W. Siemens has remarked that the electrical transmission of power, although new and untried, is one 
of considerable interest, and an amount of from 40 Uj 50 per cent, is recovered at the end of the line. 

A 100 horse-power engine, economically constructed, would pro<luce 1 horse-power with less than 
3 lb. of coal, whereas a small motor of 2 or 3 horse-power would consume probably 6 to 8 lb. of coal 
an hour. Bearing tliat diflerence in mind, the magneto-electric machine would bo an economical one. 

I P. Higgs has stated that the limit set by distance to the transmissions of power, by means 
generally adopted, has been comparatively narrow. Hydraulic pf>wer has been the most adaptable, 
with, however, several important disadvantages. Although electricity as a moans of tmnsmission 
is also limited by the distance to bo traversed, the limit is in this case much more extensible, and 
under favourable instances practically disappears. The limit is ilependent upon the quantity or 
intensity of electricity that can be conveyed by the conductor, since mechanical efficiency depends 
upon the magnetic energy. Fur the transmission of power, hay from a steam or water motor 
initially, the following system is arlopted. First, a strap or belt from the motor is carried to the 
pulley of the driving dyuarao-clectric machine, which generates the current. By leading wires of 
the required length, the electrical current generated in the first machine is conveyed to the ter- 
minals of a second and precistdy similar machine. Thus the first machine generates the current 
which is utilized for imparting motion to the second machine. 

The probable efficiency of such a system has been treated in its mathematical relations by 
M. Mascart. It is well known that all magneto-electric machines, when set in motion by a current 
induce in themselves, as electrical systems, currents ojiposing tho motive current. For exumplel 
when a current from some other source is directed into the coils of a dynamo-machine the ooii 
commences to revolve. Immediately it commences to revolve, it also begins to not as* a gene- 
rator, and sets up a current which is opx)Osite in direction to the motive current, and subtractive 
from the strength of the latter. The current strength from the source is therefore at a maximum 
when the second machine, or that driven by the current, is at rest. From consideration it is 
easily obtained that the greatest work to be yielded by the second machine, is when the strength of 
current given by the first machine, or source, has been reduced to one-half by the induced current 
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firom tbe eeoond machine. With these machines it has been generally found that the current 
strength is proportional to the Telocity, or number of revolutions of the cylinder ; so that, supposing 
two equal machines arranged for the transmission of power, the amount of work leclaimable from 
the second machine will 50 per cent, of that employed upon the first, and the number of revolu- 
tions of the armature of the second machine, corresponding to the maximum of work reclaimed, will 
be half the number made by the first. 

P. Higgs has given the following results of experiments. Table Ylll., with dynamo-machinea 
for the transmission of power by tbe electro-current ; — 

Table VIII. 


Machine A. 
at 1100 Kcvolutioua, 
driving C. 

Machine A, 
at 1100 Revolutions, 
driving B. 

Machine A, 
at 1400 Revolutions, 
driving B. 

Revolutions 
of C. 

Per Out. 
of Work 
Reclulcuod. 

Revolutions 
of B. 

Per Cent, 
of Work 
Reclaimed. 

Revolutions 
of B. 

Per Cent, 
of W<.rk 
Reclaimed. 

1008 

27 

884 

34 


39 

730 

36 

808 

43 


44 

584 

38 

767 

44 


48 

501 

39 

625 

45 


49 

420 i 

37 

481 

39 

500 

37 

359 1 

35 

385 

32 

*• 

*• 


The departures from the theoretical values aro somewhat marked, but are within the limits of 
error that occur with tliis class of measurements, made with no great attempt at accuracy. In 
tlicse experiments, in order to ascertain the efiects of resistance in the circuit connecting the 
driving and driven engines, two machines were connected by leading wires, having resistance of 
J unit, 1 unit, and 1^ unit, respectively. The machines gave without inserted resistance an 
efficiency of 44 per cent. ; with J unit resistance added to the circuit, the efficiency was reduced to 
38 jxjr cent., giving a loss of G per cent. ; with 1 unit of added resistance the efficiency fell to 32 
per cent., giving n loss of 12 per cent. ; and with l.i unit added resistance the efficiency was 26 
per cent., giving a loss of 18 per cent. The experiments clearly proved that the loss of efficiency 
is ])roportional to the added resistance. 

With a machine having 0*05 unit resistance, a current of 5 wehers through 1 ohm has been 
obtained, with an expenditure of 2 horse-power. This gave a current, of wliich the mechanical 
valu<», when the mticnine was connected to a precisely similar machine, was 50,000 foot-pounds, with 
the second machine at rest ; and a resultant current of 29,000 foot-pounds with the second machine 
in motion, the horse-power expended being maintained constant. The work reclaimed, measured on 
the dynamometer, was 48 per cent., closely agreeing witli the efficiency of one-half. As to the effect of 
circuit resistance on the transmission of power in the instances quoted, the addition of unit 
resistance reduced the efficiency to 26 per cent., with the particular maclunes employed ; but if 
convolutions of wire were added to the cylinder of the machine, the efficiency would again attain 
its maximum. It should be noted that the theoretinil efficiency of 50 per cent, is referred to the 
use of two equal and similar machines, one used as the driving, the other as the driven macliine. 
It is quite probable that a larger percentage of work reclaimed might be attained by some other 
arrangement of machines. 

I.{y driving one machine by two others coupled in series, the results of three readings gave 
speed of small machines, lOGO revolutions ; speed of medium machine, 1820 revolutions. The 
medium machine driven by one small machine, gave the following results, token from three 
readings; sjxjed of small machine, lOGO revolutions; speed of medium machine, 780 revolutions. 
It would thus be seen that the speed of the medium macliine had been rather more than doubled by 
driving it fi'om two machines coupled in series. The best conditions for work admitted of direct 
proof. Two equal machines being employed, and a galvanometer put in circuit between them, the 
deflections showed that when the second machine was at rest, the current was of twice the inten- 
sity that occurred when the second machine was giving out its best work. 

This amount of reclaimed power is indubitably superior to that obtained with compressed air, 
and approatdies the practical efficiency of hydraulic transmission. Electric transmission has, 
however, the unparalloletl advantage of l^ing superior to the obstacle presented by distances, whilst 
it is at the same time easily portable, and can oe changed in direction, as well as in intensity, at 
will. No force appears in the connecting portions or conductor, such as appears during mechanical 
transmission with shafting, or in pipes with compressed air or water. The conductor appears inert, 
and can be shifted, bent, or in any way moved whilst transmitting many horse-power. Its con- 
tinuity must not, of course, bo interrupted. 

The source of power and the point of reclamation may bo relatively situated most awkwardly, 
but the electric conductor can bo brought round the sharpest corner, or carried throngh the most 
private room without inconvonienoo. There is nothing to burst or give way. The same circuit aa 
may be tapped to provide the means of working power machinery can bo as conveniently utilized 
to work a sewing machine. 

See Blasting, p. 133. Chimney SHArrs, p. 355. Dvkamo-Electrio Machines, p. 475. 

List of Books on Electrical Engineering , — I)u Monci'l, * Expose des applications de rElectrioit^* 
8vo, Paris, 1872. Fleeming-Jenkin, * Electricity and Magnetism,’ crown 8vo, 1876. MaacaJ^b 
(M. E.), * Traite d’filectricite Statique/ 8vo, Paris, 1876. Proece and Sivewright, * Telegraphy,’ 
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crown 8vo, 1876. Langdon (W. E.), ‘ Application of Electricity to Bailway Working,* crown 
8vo, 1877. Prescott (G. B.), ‘Electricity and the Electric Telegraph,* 8vo, New York, 1877. 
“ ‘Neue Electrische Masohinen,’ 1877. Beetz (W.), ‘Grnndzuge der Elektricitatslehre,' 



inqu( , 

8vo. ‘Journal of the Society of Telegraph Engineers/ 8vo. ‘Engineering;* ‘Electrician;* 
‘ Telegraphic Journal ; ’ ‘ Telegraph Journal,’ New York ; * Electro Technische Zeitschrift.' Zetzsohe, 
‘ Handbuch der Elektrischen Telegraphie.* Hankel, ‘ Electrische Untersuchungen.’ 

ENGINES. VARIETIES OF. 

Amongst the many varieties of the steam engine, the rotary engine has not realized that 
efficiency which its comparative simplicity would appear to warrant. There are many forms of the 
rotary engine, but those in Figs. 1206 to 1209 are of especial hitorest, as their capabilities have 
been carefully tested. 

The Myers’ engine, Figs. 1206 and 1207, has an inner case E, set eccentric to the outer cylinder, 
and revolving in a groove, so that the top portion forms an abutment. The piston O is secured to the 
sliaft, and has a toggle-joint connection with the case at D. The piston also has a long fluke or lug 


1206. 


120t. 



at the end. The cylinder is divided into two compartments, each of which contains one of these 
cases and pistons, the two pistons being set at right angles to each other. Steam is admitted 
through a valve and ports, F and G. 

The Galliihue engine. Fig. 1208, consists of a casting A, which includes the main cylinder, in 
which works the piston D, firmly attaclied to the inner revolving cylinder B, and there are two 
sliding abutments E and F, actuated by cams. Steam enters and is exhausted at the ends by steam 
ports a b and exhaust ports c d, 

1208. 



In the Massey engine. Fig. 1209, the enter case E is oval, and the inner cylinder G is secured to 
the shaft F. The pistons H H are moved in and out by the action of fixed cams I. L is the 
abutment. At D is a valve, controlled by the lever C, which admits steam through the passage A ; 
the exhaust is arranged on the opposite side at B. 

The Lidgorwood engine consists of an outer cylinder, oval-shaped, and an inner cylinder or 
case, circular in section, secured to the shaft, and forming two abutments at its points of contact on 
each side with the outer cylinder. Six pistons are arranged in the inner case, actnaM by fixed 
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oamS) the form of the outer cylinder being such that the pistons do not slide when they are under 
pressure. 

The rotary steam engines above described, were carefully tested in 1874 at New York by 
J. T. HawMns, and the results of these tests are recorded in Tables I. and II. 

1209. 



Table I. — Tuialb op Rotauy Engines. Observations. 


Quantity. 

Lidgerwood. 

Qallahue. 

Massey. 
First Trial. 

Myers. 

Massey. 
Second Trial. 

Length of run •. 

5 hours. 

5 hours. 

50 min. 

5 hours. 

5 hours. 

Pressure of steam by gauge 

77-43 

74-68 

82-4 

65-41 

66-08 

Pressure of exhaust by gauge . . 

1*95 

0-7 

0 

0-106 

0-38 

Revolutions a minute 

117-19 

133-46 

260-9 

186-83 

193-37 

Unbalanced weight on brake, in pounds 

16 

6 

6 

6 

16 

Reading of brake scale, in pounds . . 

57 

20-65 

27-5 

60 

34-63 

Lever arm of brake, in inches .. 

65-75 I 

60-25 

60-25 

60-125 

64-625 


deg. 

deg. 

deg. 

deg. 

deg. 

Temperature of water entering tank . . 

50-39 

52-74 

51-7 

49 

47-5 

Temperature of discharge water . . 

106 

114-49 

151-3 

136-95 

126-52 

Temperature of the air 

55 

55 

55 

55 1 

55 


An examination of the Gallahuo engine made after the test, showed that the sliding abutments 
were so adjusted as to allow steam to blow through continuously. In the first trial of the Massey 
engine the main bearings were so abraded tliat it was necessary to stop. This was obviously due 
to insufficient bearing surface, and larger bearings have been fitted ; the engine afterwards made a 
run of five hours successfully. 

The Outridge box engine consists of a cast-iron casing forming a cylinder traversed at the 
middle of its length by the crank shaft. The piston is formed of two rings connected by means 
of distance pieces, while a plate is secured at each end, and between these plates the sectors, 
which act as connecting rods, move freely. Figs. 1210 and 1211 are a vertical longitudinal section 
and a transverse section resp^tively of a two-cylinder engine on this principle. 

The sectors roll on the inner faces of the piston, and are support^ by bridle rods of wrought 
iron, the wearing paits being case-hardened, and the pins on which they move of steel. In the 
ends of the sectors are fitted the crank-pin brasses, so arranged that they may be screwed up until 
they are completely worn through ; the motions of the arcs of the sectors being a rolling motion, 
there is little friction. 

The valves are of cylindrical form, having passages for the inlet and outlet of the steam, one 
valve being placed at each end of the cylinder. They are held between centres of hardened steel, 
and are actuated by an eccentric attached to a rod connected to both by means of short levers ; the 
motion of the eccentric causes the valve to vibrate. The engine is under the control of the re- 
versing lever, and may be stopped, started, reversed, or linked up with ease, the valves always 
beii^ m equilibrium. 

The clearance spaces are small, the amount being only one-fourth part of the cubic contents of 
the cylinders, as compared to one-twelfth part, which is the general practice in small engines of 
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ordinary type. This object is gained by the use of very sliort steam ports, usually ( inch in 
length. 

Table II. — Trials op Rotabt Engines. Calculated Results. 


Qiuuitity. 

Lidgervirood. 

Gallahae. 

Massoy. 
First Trial. 

Myer& 

Massey. 
Second 'J'rial. 

Absolute pressure of steam in) 
pounds on the sq. in f 

92115 

89*365 

97*085 

80*095 

80-765 

Temperature of steam . . deg. 

321-7 

319*6 

.325*5 

312 

812*5 

Latent lieat of evaporation 
Weight in pounds of a cub. ft.l 

838 

889-5 

885*3 

895 

894*6 

of water at the different tem-> 
peratures 1 

61*92 

61*801 

61-178 

61*449 

, 61*613 

Pouuds of water discharged! 
from tank an hour j 

12995*77 

12970-79 

12840*04 

12896*92 1 

1 

12931*34 

Units of lieat lost an hour by! 
radiation and evaporation . . / 

13616*21 

13590*04 

26906*08 

20268-95 i 

1 

20323*05 

Units of lieat discharged from! 
tank an hour / 

72*2694*77 

800946*28 

1 

i 1278867*98 

j 1134284*11 

1021834*49 

Pounds of steam used an hour . . 

‘ 667*13 

1 744*13 

i 1232*45 

i 1042*43 : 

964*44 

Effective horse-power 

1 5*01,3 

1*869 

i 5*362 

9*624 

3*694 

Assumed indicated horse-power 

! 7*168 

2*673 

7*608 

13*763 

5*282 

Pounds of steam an effective! 
horse-power an hour . . . . / 

133*09 

398*12 

229*83 

1 

108*32 

261*08 

Pounds of steam an assumed in-! 
dictated horse- jxiwer an hour/ 

93*07 

278*41 

160*72 

75*74 

182*59 

Pounds of coal assumed iiidi-! 
oated hor8e-[X)wor an hour . . / 

10*34 

30 93 

17*86 

8*42 

20*29 

Pounds of coal effective horse- 1 
power an hour / 

14*79 

44*24 

25*54 

12*04 

29*01 


A lubricator is fitted on the steam pipe, and the oil is carried past the velves into the interior of 
the cylinder in the usual manner. An oil cup is also fitted to the hand-hole door, by means of 
which oil is introduced between the inner facos of the piston plates ; thus the crank pin is prac- 




tically submerged at each revolution, the splashing caused by the passage of the crank through the 
Oil, thoroughly lubricates all the working parts enclosed within the diameter of the cylinder, and 
oil-ways are cut in the bearing brasses, through which the oil constantly trickles and thereby 
reduces the chances of hot bearings. ^ 
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In Brotherhood’e engine. Figs. 1212 to 1214, three cylinders are arranged at angles of 120° with 
each other, around a central chamber with which they communicate, the whole TOing cast in one 
piece. Each cylinder has its own piston and connecting rod, the three rods taking on to one common 
crank. The crank pin, after posing through the connecting-rod eyes, is prolonged, and fits into 
a hole in a rotary slide valve which it actuates. The valve has a steam and exhaust port, which 



are alternately placed in communication with the passage belonging to each cylinder. In working, 
steam is admitted to the central chamber, and exerls nn equal pressure on the inner sides of the 
three pistons. Thus far tlie nmcliine would be in equilibrium. But steam now passes the slide valve 
to the outer side of one piston, tluis throwing that side into equilibrmm ; but the three pistons 
collectively out of equilibrium. In other words, if renders tho pressure on the inner sides of 
the other two pistons cftective. A rotary motion of tho cratik and sliile valve ensues, and the 
other pistons are alternately operated upon in similar manner ; the constant cftective area for 
pressure being tliat of a piston and a half. If steam is not admitted during the whole of the 
inward stroke of a piston, it follows that the piston is not entirely thrown into equilibrium, and 
the crank has to assist it in tho return stroke. Tho effect is equivalent to working steam 
expansively in an ordinary engine. 

A piston, when working in one directioa, pulls the cr.ink, and when moving in the other, is 
pulled by the crank. Honoe, the stmin on its connecting rod is always a teiibilo one. No knock 
can therefore take place in the connecting-rod eyes on tho alteration in the direction of the 
piston's movement ; si' tho fit may be everywhere quite loose, and instead of constantly adjusting 
brasses, it is only necessary to renew a few bushes when excessive wear has taken place. Similarly 
the slide valve is free to slide on the crank pin, and adjust it-<elf to its face as wear takes place, 
and the back of the crank disc always maintains a steam-tight joint in the same manner. The 
lubrication at first proved a source of difficulty, but is now amply secured by the addition of an 
impermeator to the steam pipe, the oil being carried by tho steam as a medium to all tho working 
parts. 

In the course of a series of experiments undertaken with the view of determining the point, it 
was found that few metals would stand heavy work in high-pressure steam under such conditions. 
Ultimately, hard phosphor-bronze bushes for the connecting-rod eyes, working on a hardened steel 
crank pin were adopted, and these are found to last a long time without any oil, the steam afford- 
ing sufficient lubrication for these two metals. The machines being well balanced, high speeds 
• 2 Q 2 



696 


ENOINES. 


are permissible. An average 8|>eed of even 800 ft, a minute for the piston gives a very high 
indicated horse-power in proportion to the size and cost. 

It should be observed that the circular valve with which this engine is fitted, whilst possessing 
the advantage of great simplicity in its construction and working, differs from other rotary valves 
only in its form, but not in its principle, and shares equally with them the defects of uneven wear ; 
this renders it difficult to retain it unimpaired in working order; and the circular valve is therefore 
mostly found in those types of high-sp^d engines where economy in the consumption of steam is 
deem^ of secondary importance. Such is the case with Brothorht»od's engines, which, although 
particularly adapted for the direct driving of circular saws, centrifugal pumps, electrical and other 
machines requiring high speeds, cannot to recommended for general use on acTOunt of their heavy 
consumption of steam, except where this is of little moment, or where the attainment of speed is a 
paramount consideration. 

Figs. 1216, 1217, are of Willan’s three-cylinder engine, ns construct^ by Tnngye; each piston 
forms a valve to one of the other cylinders. The cylinders A' A A”' are single acting, and are placed 
side by side, the pistons, which are arranged side by side, driving, by means of the connecting 
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rods D, three cranks placed at an angle of 120® with each other. The steam inlet is at M, 
this steam chamber communicating by ports E with each cylinder. Through these porta the stt^am 
passes into a groove K, and when a piston, as for instance that moving in the cylinder A'", has made 
alx>ut five-eighths of its downward stroke, the steam jwisses from this groove K into a port G formed 
in the side of the cylinder, and thence is led through a passage to the top of one of tlie other 
cylinders. On its way the steam traverses the reversing valve L, and it ia the position of this 
valve which determines to the top of which cylinder the steam thus admitted by the action of the 
piston B is led, this also determining the direction of motion of the engine and completely con- 
trolling it. The steam admitted to a cylinder by the downward movement of one of the pistons as 
above described, is cut off by the subse^juent upward movement, while a continuation of this 
upward movement causes the port G to be uncovered by the piston, the steam being thus allowed 
to exhaust into the casing H surrounding the crank shaft. The pressure exerted -by the steam 
being always in one direction, the engine can lie run at considerable speed without noise or in- 
convenience, while the distribution of steam effected is very good. 

Hie six-cylinder engine of D. K. West, Figs. 1218 and 1219, consi&ts of a base plate carrying a 
casting containing six cylinders, arranged in a circle with their axes parallel to the main shaft a, 
which traverses the centre of the casting. Each cylinder is fitted with a hollow piston, each piston 
having a conical end P which bears against a disc D, Fig. 1219. 

The disc is mounted on a short shaft C, having at one end a spherical bearing E, while the 
other enters a brass bush fitted to the crank arm B, this crank being keyed on the main shaft a. The 
shaft makes one revolution for every complete double stroke of each piston, and as each acts during 
a semi-revolution, the six coming into operation in succession at intervals of 60®, there are three 
pistons constantly acting on the disc, and the strain thrown upon the crank and shaft is thus 
practically uniform. There is thus no dead point, and a flywheel is rendered unnecessary. 

The arrangement of the slide valves and cylinder ports is shown in Fig. 1220. There is keyed 
on the shaft a an eccentric b which works within a loose ring c, and thus gives motion to the outer 
ring / which constitutes the valve. The section of / is such os to give it some elasticity, and enable 
it to adapt itself to the two surfaces between which it works. The inner ring is made in two parts, 
e and d, the requisite elasticity in this case being obtained by the introduction of a packing rwg of 
U shape. 

The steam enters the space between the valve rings c and /, through the three oval ports, and it 
is thence, by the movement of the valve, admitted to and released from the six cylinders succes- 
sively. The ports to the cylinders are short, as they only have to extend through the plate which 
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diyides the cylinders from the valve chest. The engines can thus be made with exceedingly 
small clearance spaces. The exhaust steam escapes past the outer edge of the ring /, and thus 
enters the outer part of the valve chamber, from which it is let off by a pipe from the bottom as in 
Fig. 1218. The motion given to the valve greatly tends to promote equal wear, the valve being 
quite free to turn round under the action of the eccentric, so that all parts of the rings are brought 
successively into contact with the different portions of the faces on which they work. 


1218 . 1219 . 



The mode of action of the engine will be roa»iily understood. Let it be 
imagined for a moment that the crank shaft is vertical, and let it bo turned 
by hand. Then as the crank is turned, the part of the disc opposite to it 
is always in the highe.st position, but as the disc does not revolve, the 
part which is the highest is constantly changed, and every point is raised 
and depressed during each revolution of the crank. 

lu working, as the pistons successively press upon the part of the disc 
before them, the axis of the crank pin describes a cone, and the end in a 
crank revolves in a circle about the sliaft and gives motion to the latter by 
driving the crank. The outer surfHe.o of the disc, and the metal at the 
back of the engine about th(j ball-and-socket joint are coned to a bevel, so 
that as the engine works the disc cone rolls upon the fixed cone, and the 
whole probsure^ borne by the rolling surfaces. The ends of the piston 
are also coned to the angle at which the disc plane is inclined, and they 
have a similar rolling contact, always presenting a radius of an obtuse 
cone to the plane, and thus giving a broad surface of contact to bear the 
pressure. The hack cover of the engine is secured to the main casting by 
a simple form of bayonet joint, and it can thus be readily removed when 
any of the parts require examination. A small pi{>e is fitted to the main 
casting to lead off any steam which may leak past the pistons; but unless 
such leakage exists, no steam gets to the crank, or crank-pin bearing. 

Gas engines and heat engines of gooil design are of considerable service 
in situations where questions of cost, convenience, and the like, prohibit the 
use of steam. Gas engines can in addition be made to develop consider- 
able power, and they have the advantage that they are ready at a moment’s notice 'without the 
dtday caused by lighting fires, or getting up steam, or the expense of keeping up pressure during 
intervals in working, they rotjuiro but a small amount of attendance, and are free from the dangers 
of explosion. In the smaller manufacturing industries they are of especial service, and frequently 
may be employed with advantage to supplement the work of a factory engine with economical 
results. 

Heat engines are suitable for situations whore gas cannot be conveniently obtained, and have 
been largely employed for pumping water, driving magneto-electric machines, and similar work in 
isolated situations, such as detached country mansions, forts, lighthouses, and the like. 

Figs. 1221 and 1222 are an elevation and section respectively of a 10 horse-power caloric engine, 
made by A. and F. Brown, of New York, It is single-acting and has a bed plate a. heater 6, 
working cylinder c, beam d, flywheel c, air* compressing pump /, and valve gear A. The heater 
b 18 composed of a cast-iron cylinder, and is fitt^ with a firebrick furnace. Two cast-iron pipes, 
A, fitted with air-tight doors, one for access to the furnace, and the other to the ash pit, are pro- 
vided. Slots are formed in these pipes, to afford communication between the furnace, ash pit, and 
the annular space referred to. A ieediiig hopper I is also fitted to the cr6wn of the furnace, and is 
provided with two air-tight doors, one opening outwards end the other inwards. The inner door 
IS provided with a deflecting plate, to protect it from the intense heat of the furnace. The space 
l^tween these doors is sufifioient to contain fuel for one charge. The fuel, anthracite coal, or coke, 
18 introi^oed to the furnace by closing the outer door and depressing the innex one, by means of a 
lever. The air pump /, which is single-acting, has a piston stroke of 20 in. It ooropresses and 
aelivers air to the hqater through a ohannel a' In the bed plate, where it supports combustion, and 
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is expanded to a pressure of about 26 lb. a so. in., whence it is conveyed by a pipe m oonnecti^ the 
crown of the furnace with the working cylinder, its atoission being controlled by a doubl^beat 
inlet valve, actuated by a rock diaft, eccentric, and tappet valve gear h. The compresTOd air 
delivered by the air pump into the annular space of the heater, enters at the bottom in the 
plate, and passes into the furnace through the slots in the cast-iron pipes i k. The expanded air, 
having done its duty in the cylinder, is permitted to escape into the open air by means of an outtet 
valve actuated similarly to the inlet valve. The down stroke of the engine is performed by the 
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momentum of the flywheel and the descending parts. The working cylinder is fitted with a trunk 
piston, which is kept tight by leather packing secured to the mouth of the cylinder. The engine 
18 fitted with a sensitive governor, makes sixty revolutions a minute, and works smoothly and with 
great regularity. The small air pump, Fig. 1221, which is also single-acting, 20 in. stroke, is used 
for compressing air to 50 lb. a sq. in. for sounding the Siren fog signal when the engine is employed 
for work at a lighthouse. These engines are stated to work upon the moderate consumption of SO lb. 
of coke an hour, being equal to 8 lb. to each efiective horse-power an hour. 

A small hot-air engine is generally required, however, to fulfil two sets of conditions ; to be 
moderately economical in its working, and to be sittiple, straightforward, and easily managed by 
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untrained handa; The hot-air engine, invented A. K. Rider of New York, and made in England 
by Haywood, Tyler, and Co., London, is an efficient and simple motor ; it possesses few working 
parts and those of a very simple kind, and no valves. The use of a regenerator enables it to attain 
some degree of economy, for it is hardly possible for an air engine to be economical in practice 
without the regenerator. 

Fig. 1228 is a section of Rider’s engine which consists of a compression cylinder A, and a power 
cylinder B, with pistons D, and connections, and a regenerator H. 

The lower portion of A is kept cold by a current of water circulating through the cooler, which 
surrounds the lower portion of this cylinder ; the lower portion B is kept hot by the action of the fire 
below the heater F. The heating, and also the cooling 
of the air, is quickly effected by its alternate presenta- 
tion to the sunaces of the heater and cooler, in a thin 
annular sheet. The piston of A extends downwards to 
the base of the engine, and is a trifle smaller than the 
cooler, thus leaving a thin space on all sides for the 
air to pass downward and b^me cool on its way to 
the bottom ; through this space it also flows on its way 
back to the heater. The power piston D likewise ex- 
tends downwards into the heater F, shaped to rise in 
the centre, and present to the action of the fire a 
narrow annulus all around tho bottom. C is a thin iron 
cylinder, aljout one-fonrth of an inch less in diameter 
tnan the interior of the heater. It is fitted to the 
interior of the power cylinder B, and extends nejirly to 
the bottom. Its office is to csiiso the air which flows 
from tho compression cylinder to be presented in a thin 
sheet all around tho interior surface of tho heater, and 
particularly at tho lower and hotter portion. By this 
means the air is thoroughly and rapidly heated. 

I’he same air is used continuously, being merely 
shifted from one cylinder to another. 

The regenerator H is compcjsed of a number of thin 
plates slightly thickened at their edges, which, while 
affording a free passage to the air, subdivides it into 
sheets. It is so placed botwei n the cyliadors us to be 
replaced by tlie air in its passage each way. Thus 
the heat is alternately abatructed from, and returned 
to the air, in its passage backwards and forwards 
through these plates, imparting economy of power and 
steadiness to the engine. 

The pistons are attached to cranks 1 1, which stand 
at an angle of 95° with each other, tho crank of the 
power piston being in advance, by connecting rods J J, 

K K are leather packings. The lower one has its lap 
downwards to resist the escape of air below the piston, 
tho upper one its lap upwards to prevent the lubri- 
cating material from entering too freely into the cylinders. Between them is tho relief ring, to 
relieve the friction of the packings. 

L is a check valve to supply any leakage of air which may occur. It is generally placed at the 
back of the engine, at tho luwer part of the compression cylinder, but is here shown on tho other 
side. 

In working Rider’s engine, the piston of A compresses the cold air in the lower part of A into one- 
third its normal volume, when, by tlic upward motion of the piston I), and the completion of tho 
down stroke of A, the air is transformed from A, through the regenerator H, and into the heater F, 
without appreciable ohange of volume. Tho result is a greater increase of pressure, corresponding 
to the increase of temperature, and this impels the power piston up to the end of its stroke. The 
pressure still remaining in the power cylinder and reacting on the compression piston, forces the 
latter upwards till it retiches nearly to the top of its stroke, when by the cooling of the charge of 
air the pressure falls to its minimum, the power piston descends, and the compression again begins. 
In the meantime the heated air in passing through the regenerator, has left tho greater portion of 
its heat in the regenerator plates, to he iaiparted and utilized on the return of the air towards the 
heater. Tiiis process recurs at each revolution. 

Tho Bisohoff gas engine, Figs. 1224 to 1226, has a breastplate, with which the vertical cylinder 
is oast, as well as the valve chamber, and the cylinder cover and stuffing box prolonged above 
to form a guide for the piston-rod bead, and having the earing bracket for the shaft cast along 
with it. The space above the piston communicates freely with the air by the rectangular opening, 
Fig. 1224, Tho bottom of the cylinder has a single port communicating with the chaml^r of a 
plain piston valve, which when raised opens oomiuunicatinn with the exhaust, and when down, 
as in Fig. 1225, oonneots the cylinder with the ^s and air inlet openings. This valve is worked 
by an ordinary eccentric through the intervention of a rocking lover. Tho eccentric is placed 
about 135° in advance of the crank. At a third of the stroke up the cylinder there is a little opening 
on one side of the latter, opposite which, outside, is the nozzle of a small gas pipe ; and directly 
below this nozzle^ is an ordinary burner, oonueoted with the same pijio, the gas at which is kept 
always lighted, Fig. 1224. The two gas burners are protected fW>m draughts by enclosure in a l^x 
basing. The upper burner is the real ignition jet, the function of tho lower one, which is burning 
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oontinuonBly, is to relight the other when it is blown out. The orank shaft lies aoross the machine 
a considerable distance jf^m its axis, the apparent irregularity of action of this arrangement being 
ingeniously taken advantage of. 

The piston being at the bottom of its stroke, is at first raised by the energy stored in the fly- 
wheel and counterweight, and draws into the cylinder the mixture of air and gas through the 
valve. As soon as the bottom of the piston rises above the opening in the cylinder side, the jet 
outside explodes the mixture, and the explosion drives the piston to the top of its stroke. The 
pressure under the piston falls below that of the atmosphere, so that in its descending course the 
piston is at first driven downwards by the atmospheric pressure. The position of the connecting 
rod is so adjusted that it acts direct on the orank when the explosion drives the piston upwards. 


1224 . 1225 . 



Each of the two indiarubbcr gas pipes is carried through a spring closer, consisting of an 
fright bracket, having a thin flat spring carried up beside it, oujustable at the top by a nut. 
The pipe is held between the* spring and the standard, and can bo closed at will by turning the 
nut, which gives a very fine adjustment for regulating the quantity of gas passing. 

The heat &om the cylinder is got rid of by radiation, a numror of radial ribs. Fig. 122G, being 
cast from the cylinder to increase its surface for this purpose. 

The little apparatus shown below the cylinder in Fig. 1225 is a burner for heating it bcjforo 
starting. When working at its nominal jwwer the engine should run from 100 to 120 revolutions 
a minute, for a much less power, say horse-power, at from 60 to 70 toms, ^ to horse-power, at 
130 to 145 turns a minute. To get the machine to work steadily at very small powers, it is 
necessary to carry a weighted cord round the flywheel, to act as a brake and increase the 
resistance. 

The machine, Fig. 1224, is said to nse about 11*5 cub. ft. an hour, or about 145 cub. ft. a horse- 
power an hour. 

Figs. 1227 to 1229 are elevation, plan, and end elevation respectively of the Otto gaa engine ; 
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ftnd 1230 if} a section of tiie cylinder and valve on a somewhat larger scale. The cylinder, open 
at the tront end, is fitted at back with a cover, A, carrying ports, and having a face against which 
a slide valve can work ; this valve being kept in place oy a separate cover O held against it 
by the two spiral springs, Figs. 1227, 1228. 

^ When the piston is at the back of its stroke ready to draw in the explosive mixture, the valve 
is in such a position that the port, j t, in it makes communication between the passages j and I in 

1226. 



the cylinder A. When the piston moves, it draws in air through the valve from the opening a and 
the pipe 6, and at the same time draws in gtis through tho small opening k, on the back of the 
valve, which is then opposite tho passage B in the valve cover which communicates with the pipe ft. 
Fig. 1229, above. The admission opening having been thus made and closed, the piston begins to 
return, and during its return the valve, moving oontinuously, keeps the port I closed. As the 
second stroke oommenoe8, tbe passage n comes opposite having been in communication with m 
and 0 . In the chamber m a small gas jet is always burning, fed by the pipe m, Fig. 1229, and 
through o a small stream of gM is allowed to pass. The passage n thus filled with gas from o 
iguit^ from m comes to /; this ignites the mixture in the cylinder and starts the stroke,' while 
on the return stroke of the piston, the spent gases are discharged through the opening in the 
bottom of the cylinder. 

It is necessary that the valve should make only one reciprocation for two strokes of the piston, 
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andforthisnurpoBeitie driven by a .crank on the end of a counter abaft, which revolves witli half the 
velocity of the crank ^aft The same shaft also serves to work the governor and two other valves. 
It carries a cam r. Fig. 1227, which by a lever v opens at intervals a valve closed again bv a 
spring, which regulates the amount of gas admitted through h a stroke. A second cam «,*by 
means of a lover t below the cylinder, opens and closes the exhaust valve q. The governor is 
worked from the counter shaft by bevel 

gearing ; it is merely a small loaded ball 1229 . 

governor. By mefins of a lever w it con- 
trols the position of the cam r upon the 
shaft, so that if the speed of the engine 
exceeds a certiun limit the gas admis- 
sion valve g is left closed, and the 
engine runs on until sufficient of its 
stored-up energy is expended to bring 
the speed down to its proper level. 

The cylinder is enclosed in a water 
jacket in order to prevent overheating. 

To ensure a circulation of water, it has 
been found sufficient to connect the top 
and bottom of the jacket wi^ the top 
and bottom of a filled reservoir. The 
difiei’eiice in the densities of the hot 
and cold water is enough to set up and 
maintain the requisite circulation. The 
water enters by one pipe, and returns 
to the reservoir by auuth(‘r, being cooled 
sufficiently by contact with the air to be 
used continuously. To avoid shock at 
exhaust, the hot gases are discharged 
through a pipe into a reservoir placed 
at a little distance, from which they pass 
into the atmosphere by a pipe and 
nozzle. The lubrication of the piston 
and valve is effected by the self-acting 
lubricator a a, driven from the counter 
shaft. 

In Hock’s petroleum engine the 
moving power is petroleum commingled 
with air, and ignited by the flame of a 
light hydrocarbon va|K)ur boliind the 
piston ill a cylinder. The ignition is 
effected by gns produced by the engine 
itself, so that it is independent of any 
extraneous aid beyond the proper supply 
of its own fuel. 

Figs 1231 to 1235 show general and 
detail view^s of this engine, Fig. 1231 
being a side elevation, Fig. 1232 a 
plan. Figs. 1233 to 1235 illustrate the 
principal details. A is the reservoir 
containing the petroleum used for feed- 
ing the engine. The level of the oil can 
be altered at will by r.iising or depres- 
sing the solid plunger B. by me ans of the screw C. The level of the petroleum can be ascertained 
by a gauge A. If the petroleum stands at a high level the engine docs more, and if low, less 
work, with a proportionate cousumptioti of material. The pipe E is screwed into the cover of the 
cylinder Z at one end, whilst at the other at B’ it is in connection with the petroleum reservoir. 
To the pipe E is attached a small chamber in which a valve E' works automatically. Tiie object 
of the bent tube F, with the valve F', is to admit air to break up and disperse the iet of petrol^m 
the moment it enters the cylinder. ^ 

Tiie ignition is effected by the aid of an air force-pump. A hollow hcmisiffierictd chamber K, 
Fig. 1234, made of iudiarubl>er, is closed by an iron plate, in which is fitted a cock Q, in order to 
place the interior of the chamber in communication with the atmosphere when noctssary. An 
opning in the plate is covered by an indiambber valve 8, opening inwards, and through which the 
chamber draws in atmospheric air, after the pressure of the buffer T, wliich is worked by an eccen- 
tric rod, has been removed. A pipe opening into the chamber, conducts the atmospheric air 
comprtssed by the buffer T, to the bottom of the apparatus for making the gas at H. This consists 
of an iron cylindrical vessel filled with naphtha. The compressed air being conducted through the 
pipe P to the bottom of the vessel H. passes upwards through the naphtha, and in this manner 
forms a combustible gas. This illuminating gas leaves the vessel H at J', and is discharged at 
regular intervals in rapid succession into the atmosphen? at J, to bo ignited by the constant flame 
of the burner This burner is M by gas which is made in the apparatus H, and is delivered 
by the pii)e K into the small gasholder M, proceeding thence to the burner by the piiKS N N" is a 
screen of sheet iron which protects the flame from being extinguished. The horizontal flame from 
the burner J is intermittent, being expelled with greater or less force according to the pressure of 
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the buffer T on the hemispherioel chamber, and the amount of pressure is dependent on the position 
of the buffer rod eooentrio. 

Oa the cylinder near the cover, Fig. 1235, is the valve chest X, containing two valves h and o, 
which are placed opposite each other, and both of which open inwards. The valve c serves for the 

1231. 
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These gases pass away at a high temperature, and may be used for wanning workshops by means 
of tubing. The air admission valve b regulates indireotly the quantity of petroleum, which is intro« 
duoed into the cylinder at every travel of the piston ; it is more or less weighted by means of a 
steel spiral spring, which is enclosed in a metal case. This spring is coiled around an iron rod, 
which has a Dutton at its lower end to retain the spring. The upper end of this rod forms a screw, 
by means of which and a nut the tension of the 
spring is regulated. As the introduction of the 
liquid petroleum, as well as of the air, into the 
cylinder takes place through the superior pressure 
of the atmosphere respectively, owing to the 
vacuum produced by the moving forward of the 
piston in the cylinder, the quantity of petroleum 
introduced depends, in the first place, on the 
weight brought to bear on the air valve b. If 
there is no weight at all on the valve, the pistons 
will draw in air only, and no petroleum ; should 
the weight on the valve be excessive, above one 
atmosphere, it will not open, and no air, except 
that admitted by the valve c, will enter, but there 
would be a great excess of petroleum in the 
cylinder. 

The cylinder Z is double, having a water 
space around it, to which water is supplied by the 
circulating pump U, to prevent excessive heating. 

The circulating pump is not indispensable, as 
water for cooling may be applied in other ways. 

But the heating of the cylinaer and of the piston 
to a temperature at which the lubricating oil bums must be prevented, in order to avoid a rapid 
wear of the engine. 

In starting the engine, the flywheel is first moved, and the piston is travelled forward in the 
cylinder, when it would create a vacuum behind it, if the air valves 6, Fig. 1235, and F', Fig. 1233, 
did not admit air, and the pipe E, Fig. 1233, petroleum in very small quantities at the same time. 
The petroleum, which is injected as a fine jet, becomes dispersed or formed into a fine spray, by the 
in-rush of air from the tube F nearly at right angles to it. When the piston has moved forward 
about a quarter of its travel, there is behind it a mixture of finely-divided partly-vaporized petro- 
leum and atmospheric air. At this point the bufler strikes the elastic chamber B. in consequence 
of which a current of combustible gas darts out of tbe jet J, Fig. 1234, is ignited by the con- 
stantly burning flame at N', enters the cylinder, and ignites the mixture. The combustion tedees 
place at a high temperature, and with proportionate pressure. All the valves opening inwards are 
closed by the explosion, the piston is pushed forward, completing its stroke, and thus taking up in 
the shape of work, a great portion of the heat produced. The backward travel of tbe piston is 
effected through the action of the flywheel. The same process is repented in the next forward 
stroke, and the engine is thus set in motion. If it moves quickly, the ball governor acts u{)on 
the valve b, through the spring, Fig, 1235, and reduces tlic weight on the valve. At the next 
stroke more air, and consequently less petroleum, enters the cylinder, and the speed slackens. The 
reverse of tJtis tokos place if the engine is running too slowly. If tho cock Q on the elastic 
chamber is opened wliilst the engine is in motion, the air which is in tho chamljer will not be 
forced into the gas-making apparatus H, but will pass into the air. In consequence of this no gas 
will escape at J, the explosive mixture in the cylinder will not be iraited, and tbe engine will stop 
after a few revolutions for want of impulse. The same effect will be produced if the cock B , 
Fig. 1233, is shut, as the supply of petroleum would then be stopped and air only would be 
admitted into the cylinder. 

In Thomson, Sterne, and Co.’s carbon engine, of which Figs. 1236 and 1237 are sectional elevation 
and plan, tbe bed plate of the machine consists of a deep hollow casting, into the top table of 
which two vertical cylinders are recessed. That to the left is the working cylinder, which is 8 in. 
in diameter with 12 in. stroke, while the other is the air pump, and is 8 in. in diameter with a 
(i in. stroke. A pipe forms the connection between the air pump and working cylinder. The air 
is first compressed m the air pump, whence it is delivered through this pipe past an inlet valve into 
the working cylinder. On its way to tVie latter the air passes through perforated brass discs, having 
wire gauze placed between them, just above the entrance to the working cylinder. An annular 
space, Fig. 1236, just above these discs is packed with felt, and into this the hydrocarbon oil is 
pumped from a store tank by a small pump, and worked by an eccentric on the shaft by which the 
valves are operated. From the felt the oil is transferred to the discs, over which it is distributed. 
On passing through the discs tho air becomes charged with hydrocarbon vapour, to tho extent 
necessary to effect its complete combustion in the working cylinder. 

In the chamber just below the discs is a flame, which is caused by igniting this inflammable 
mixture at that point before starting the engine. This flame is constantly maintained during 
working, each additional charge of saturated air is ignited as it passes this point, and then acts on 
the piston. The engine is single-acting, fitted with a flywheel, the piston rect iving its iinpulso 
on the down ftroke, at tbe end of which the exhaust valve in the tup of the cylinder is opened 
and is closed just before the piston finishes its up stroke. ’ 

At the lower part of the engine are two malleable iron tubes which form air reservoirs. One of 
these is a regulator, used for preventing too great variations in the air pressure, whilst the other 
contains a store of highly compressed air, which can be used for starting the engine instead of 
giving the flywheel a turn. 
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The oonneotiiiff rods axe coupled to the workiug piston and air-pump piston hj thin plates^ 
which permit of the necessary flexibility, there being no ioinis at these points, lotion is com- 
municated to the crank shaft through a beam mounts within the engine frame, the valves of the 
working cylinder and air pump are operated from a shaft, which is coupled to the crank shaft by 
bevel gear, and which carries the governor. The opening of the valve which admits air into the 
working cylinder, is effected by a cam on the sliding sleeve of the governor. 


1236. 



In external appearance the engine resembles a small horizontal engine. The cylinder is single- 
acting, open at the flront end, and so arranged that it only completes its cycle of operations once in 
two complete double strokes. The piston in moving forward draws into the cylinder a mixture of 
air and coal gas, the latter in measured quantity ; returning, it compresses this mixture into little 
more than one-third of its volume, as drawn in at atmospheric pressure ; these two operations take 
up one complete double stroke. As the piston is ready to commence the next stroke the burnt 
gases are expelled from tlie cylinder, and the whole made ready to start afresh. Work is actually 
being done on the piston, therefore, only during one-quarter of the time it is in motion, the gearing, 
as well as the work driven, being carried forward by the flywheel during the rest of the time. 

EXPLOSIVES. 

A knowledge of the properties and respective values of the various kinds of explosives, is essential 
to every engineer who has at any time to employ blasting in his practice, and this is all the more 
necessary oa there is considerable danger, and oftentimes ^at waste, in dealing with substances of 
the character in question, of whose particular nature we are partially i^orant. It should be 
borne in mind that explosive mixture is a combination of certain ohemic^ substances, capable of 
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being suddenly transformed into gas by the applioation of beat. Hence an ^ploston is a sudden 
evolution of gases acoompanied by pressure, the intensity of the pressure depending upon the 
nature of the mixtiure. ^ j v x r 

In the combustion of gunpowder, the elements of which it is composed combine to form, as 
gaseous products, carbonic acid, carlmnio oxide, nitrogen, sulphuretted hydrogen, and marsh gas or 
carburctted hydrogen, and, as solid products, sulphate, hyposulphite, sulphide, and carbonate of 
potassium. Theoretically, some of these compounds should not be produced ; but ex^riment has 
shown that they are. It has also been ascertained that the greater the pressure, the higher is the 
proportion of carbonic acid produced, so that the more work the powder has to do, the more perfect 
will be the combustion, and, consequently, the greater will bo tno force developed. Hence over- 
charging is not only very wasteful of the explosive, but the atmosphere is more noxiously fouled 
thereby. The same remark applies even more strongly to gun-cotton and the nitro-glycerine 
compounds. , . , 

The careful experiments of Noble and Abel have shown that the explosion of gunpowder 
produces about 67 per cent, by weight of 8oli<l matters, and 43 per cent, of permanent gases. The 
solid matters are, at the moment of explosion, in a fluid state. When in this state they occupy 
0-C of the space originally filled by the gunpowder, consequently the gases occupy only 0*4 of that 
space. These gases would, at atmospheric pressure ami 32° F. temperature, occupy a space 
280 times that filled by the powder. As they are compressed into 0*4 of that space, they would 

give a pressure of ^ X 16 = 10,500 lb., or about 4*68 tons to the sq. in. But a great quantity 

of beat is liberated in the reaction, and this heat will enormously increase the tension of the 
gases. The experiments of Noble and Abel showed that the tempemture of the gases at the 
instant of explosion is about 4000° F. Tims the temperature of 32° + 461°- 2 = 493*2 absolute, 

lias been raised 8*11 times, so that the total pressure of the gases will be 4*68 X 8 *11 = 

493 * 2 

37*9 tons to the sq. in. And sometliing near this pressure was, in the experiments referred to, 
generally indicated by the crusher gauge; although gunpowder exploded in a space which it 
completely fills, has developed a force estimated as giving a pressure of about 42 tons to the sq. in. 

Unfortunately no complete experiments have hitherto l^en made to determine the absolute 
force developed by gun-cotton and nitro-glycerine. We are, therefore, unable to estimate the 
pressure produced by the explosion of those substances, or to make an accurate evaluation of their 
strength relatively to that of gunpowder. It should, however, be borne in mind that a correct 
estimate of the pressure produced to the 8<i. in. would not enable us to make a full com- 
parison of the effects they wore capable of causing. For though, by ascertaining that one explosive 
gives twice the pressure of another, we learn that one will produce twice the eftect of another ; yet 
it by no means follows from that fact that the stronger will produce no more than twice the effect 
of the weaker. The rending effect of an explosive depends, in a great measure, on the rapidity with 
which combubtion takes place. The force suddenly developed by the decompos.tionof the chemical 
coropoundb acts like a blow, and the same force, when applied in this way, will produce a greater 
efftct than when it is applied as a gradually increasing pressure. But some calculations have been 
made, and some cxi)eriment8 carried out, which enable us to form an approximate estimate of the 
relative strength of these explosive substances. 

Boux and Sarrau give the following as the result of their investigations, ‘derived from a con- 
sideration of the weight of the gases generated and of the heat liberated ; — 

Tabi.e I. — Relative Strength of Explosives. 


Subi^tauce. 


Gunpowder .. 
Gun-cotton . . 
Nitro-glycerine 


Hrlatlve I Heat In Uitlte 
Weight of Hlierated 

Gasce. | from 1 lb. 


Relative 

Strength. 


*414 1316 l’(l5 
•850 1902 3*00 
*800 3091 I 4*80 

t 


In Table I. the substances are simply exploded, and the strength of gunpowder is taken as unity. 
The relative strength is that due to the volume of the gases and the neat, no account being taken 
of the increa.sed effect due to the rapidity of the explosion. 

Alfred Nobed has essayed to aporeciate the effects of these different explosives by means of a 
mortar loaded with a 32-lb. shot and set at an angle of 10°, the distances traversed by the shot being 
taken as the results to be compared. Considered, weight for weight, ho estimates as follows the 
relative strengths of the substances compared, gunpowder being again taken as unity ; — 

Gunpowder 1*00 j Dynamite 2*89 

Gun-cotton 2*84 | Nitro-glycerine 4*00 

The relative strength, bulk for bulk, is, however, of gi-eater importance in rock blasting. This 
is easily computed from the foregoing table and the specific gravity of the substances, which is 
1*00 for gunpowder and compressed gun-cotton, 1*60 for nitro-glycerine, and 1*65 for dynamite. 
Compared in this way, bulk for bulk, these explosives range as follows ; — 

Gunpowder 1*00 I Dynamite 4*23 

Gun-cotton 2*57 | Nitro-glycerine 6*71 
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Hence, for a given height of charge in a bore-hole, gun-cotton exerts about 2} times the force of 
gup^wder, and dynamite about 4} times that force. 

The oxygen required for the combustion of the carbon in gunpowder is stored up in the salt- 
petre. So long as the saltpetre remains below a certain temperature, it will retain its oxygen ; 
^t when that temperature is reached, it will part with that element. To lire gunpowder, heat is 
therefore made use of to liberate the oxygen, which at once seizes upon the carbon with which it 
is in presence. The means employed to convey heat to an explosive have been described in the 
article on Blasting. It is necessary to apply heat to one point only of the explosive ; it is suflftcient 
if it be applied to only one grain. That portion of the grain which is thus raihod in temperature 
begins to burn, as it is commonly expressed, that is, this portion enters at once into a state of 
combustion, the saltpetre giving up its oxygen, and tlie liberated oxygen entering into combinatiou 
with the carbon. The setting up of this action is called ignition. The hot gases generated by 
tiie combustion set up, ignite other grains surrounding the one first ignited ; the gases resulting 
from the combustion of these ignite other grains; and, in this way, ignition is conveyed throughout 
the mass. Thus the progress of ignition is gradual. But though it takes place, in every case, 
gradually, if the gases are confined within the space occupied by the powder, it may be extremely 
rapid. It is easy to see that the gases evolved from a very small number of grains are sufficient 
to fill all the interstices, and to surround every individual grain of which the charge is composed. 
But besides this ignition from grain to grain, the same thing goes on from the outside to the inside 
of each individual grain, the grain burning gradually from the outside to the in-side in concentric 
layers. The successive ignitions in this direction, liowever, of layer after layer, are usually described 
as the progress of combustion. Thus the time of an explosion is made up of tliat necessary for the 
ignition of all the grains, and of that required for their complete combust ion. 

The time of ignition is determined in a great measure by the proportion which the interstices, 
or empty spaces l^tween the grains, bear to the whole space occupied by the powder. If the latter 
be in the form of an impalpable dust, ignition cannot extend throughout the mass in the manner we 
have described; but we shall have merely combustion proceeding from grain to grain. If, on the 
contrary, the powder is in large spherical grains or pellets, the interstices will be large, and the 
first gjises formed will flush through these, and ignite all the grains one after another with such 
rapidity that ignition may bo regarded as simultaneous. Thus the time of ignition is shortened by 
increasing the size of the grains and approximating the lattcsr to the spherical form. 

But the time of combustion is determined by conditions contrary to tliese. As combustion 
proceeds gradually from the outside to the inside of a grain, it is obvious that the larger the grain 
18, the longer will be the time required to burn it in. Also it is evident that if the grain be in the 
form of a thin flake, it will be burned in a much shorter time than if it l^e in the spherical form. 
Thus the conditions of rapid ignition and rapid combustion are antagonistic. The minimum time 
of explosion is obtained when the grains are irregular in shape, and only sufficiently large to 
allow a fairly free piissago to the hot gusos. There are other conditions which influence the time 
of combustion ; among thorn is the density of the gmin. The denser the grain, the greater is the 
quantity of material to be consumed. But besides this, combustion proceeds more slowly through 
a dense grain than through an open one. The pre-souce of moisture also tends to retard 
combustion. 


The progress both of ignition and of combustion is accelerated, not uniform. In proportion as 
the grains ore ignited, the gases evolved increase in volume, and as the progress of combustion con- 
tinues to generate gases, the tension of these increases, until the prt ssure ri^ as high as 42 tons to 
the square inch. As the pressure increases, the hot gases are forced more and more deeply into the 
grains, and combustion, consequently, proceeds more and more rapidly. 

By detonation is meant the simultaneous breaking up of all the molecules of which the 
explosive substance is composed. Properly the term is applicable to the chemical compounds only. 
But it is applied to gunpowder to denote the simultaneous ignition of all the grains. The mode of 
firing by detonation is very favourable to the rending effVict required of blasting powder, since it 
reduces to a minimum the time of explosion. It is brought about, in all cases, l>y means of an 
initial explosion. The detonator, which produces tliis, consists of an explosive that is quick in its 
action, contained witliin a case sufficiently strong to retain tlie gases until they have acquired a 
considerable tension. When the case bursts, this tension forces tlicm instantaneously through the 
interstices of the powder, and so produces simultaneous ignition. A pellet of guu-C(»tton, or a 
cartridge of dynamite, the latter especially, makes a good detonator for gunpowder. Fired in this 
way, very much bettor efl’cets may be obtained from gunpowder than when fired in the usual 
manner. Indeed, in many kinds of rock, more work may done with it than with gun-cotton or 
with dynamite. 

The action of a detonator upon a ohcmical compound is diflerent. In this case, the explosion 
seems to be dtio more to the vibration caused by the blow than by the heat of the gases from the 
detonator. Probably both of these causes operate in producing the effect. Under the influence of 
the explosion of the detonator, the molecules of a chemical compound, like nitro-glyoorine, are 
broken up so nearly simultaneously, that no tamping is needed to obtain the full effect of the 
explosion. Dynamite is always, and gun-cotton is usually, fired by means of a detonator. A much 
larger quantity of explosive is needed to detonate gunpowder than is required for dynamite, or 
gun-ootton, since, for the former explosive, a large volume of gases is requisite. Dynamite 
detonators usually consist of from six to nine grains of fulminate of mercury contained in a copper 
cap. Gun-cotton detonators are similar, but have a charge of from ton to fifteen gruius of the 
fulminate. An insufficient charge will only scatter the explosive instead of fifing it, if it be 
uncoiiflned, and only explode it without detonation, if it be in a confined space. 

The combustion of gunpowder being gradual and oomparatively slow, its action is rending and 
projecting rather than shattering. This oonstitutes one of its chief merits for certain purposes. 
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In many quarrying operations, for instance, the shattering action of the ohemioal compounds would 
be very destructive to the produce. In fming blocks of slate, or of building stone, a comparatively 
gentle lifting action is required, and such an action is exerted by gunpowder. Moreover, tnis action 
may be modified by using li^bt tamping, or by using no tamping, a mode of employing gunpowder 
often adopted in slate quarries. The effect of the violent explosives cannot be modified in this 
way. 

Gunpowder is injured by moisture. A high degree of moisture will destroy its explosive 
properties altogether, so that it cannot be used in water without some protective covering. Even a 
slight degree of moisture, as little as one per cent, of its weight, materially diminishes its strength. 
For this reason, it should be use^ in damp ground, only in cartridges. This is, indee^ the most 
convenient and the most economical way of using gunpowder in all circumstances. It is la^ue that 
there is a slight loss of force occasioned by the emptv space around the cartridge, in holes that are 
far from circular in shape. But at least as much will be lost without the cartridge from the 
moisture derived from the rock, even if the hole is not wet. But in all downward holes, the 
empty spaces may be more or less completely filled up with dry loose sand. 

The products of the explosion of gunpowder are partly gaseous, partly solid. Of the former, 
the most important are carbonic add, carbonic oxide, and nitrogen. The sulphuretted and the 
carburetted hydrogen are formed in only small quantities. The carbonic oxide is a very noxious 
gas ; but it is not formed in any considerable quantity, except in case of overchar^ng. The 
solid products are compounds of potassium and sulphur, and potassium and carbon. These con* 
stitute the smoke, the dense volumes of which cliaracterize the explosion of gunpowder. This 
smoke prevents the immediate return of the miner to the working face after the blast has taken 
place. 

The combustion of gun-cotton takes place with extreme rapidity, in oonscqnenoe of which its 
action is very violent. Its effect is rather to shatter the rock than to lift it out in large blocks. 
This quality renders it unsoitable to many quarrying operations. In certain kinds of weak rock, 
its disruptive effects are inferior to those produced by gpinpowdcr. But in ordinary mining opera- 
tions, where strong tough rock has to be dealt with, its superior strength and quickness of action, 
particularly the latter quality, produce much greater disruptive effect than can be obtained from 
gunpowder. Moreover, its shattering action tends to break up into small pieces the rock dislodged, 
whereby its removal is greatly facilitated. 

Gun-cotton may be detonated when in a wet state by moans of a small quantity of the dry 
material. This allows the substance to be used in a wet hole without protection, and conduces 
greatly to the security of those who handle it. When in the wet state, it is uninflammable, and 
cannot be exploded by the heaviest blows. Only a powerful detonation will bring about an 
explosion in it when in the wet state. It is, therefore, for safety, kept and used in that state. 
Since it is insensible to blows, it may be rammed tightly into the bore-hole, so as to fill up all 
empty spaces. The primer of dry gun-cotton, however, which is to detonate it, must be kept 
perfectly dry, and handled with caution, as it readily detonates from a blow. Gun-cotton, when 
ignited in small quantities in an unconfined space, burns fiercely, but does not explode. 

The products of the combustion of gun-cotton are ; — Carbonic acid, carbonic oxide, water, and a 
little carburetted hydrogen or marsh gas. On account of the insufficiency of oxygen, abeady 
pointed out, a considerable proportion of carbonic oxide is formed, which vitiates the atmosphere 
into which it is discharged. Overcharging, as in the case of gunpowder, causes an abnormal 
quantity of the oxide to be formed. 

As combustion ^akes place more rapidly in nitro-glycerine than in gun-cotton, the effects of 
dynamite are more shattering than those of the latter substance. Gun-cotton holds, indeed, a mean 
position in this respect between dynamite, on the one hand, and gunpowder on the other. Dynamite 
18, therefore, even less suitable than gun-cotton for those uses which are required to give the produce 
in large blocks. But in very hard and tough rock, it is considerably more effective than gun- 
cotton, and, under some conditions, it will bring out rock which gun-cotton fails to loosen. 

Dynamite is unaffected by water, so that it may be used in wet holes ; indeed, water is commonly 
used as tamping, with this explosive. In upward holes, where water cannot, of tjoursc, b& used, 
dynamite is generally fired without tamping, its quick action rendering this unnecessary. 

The pasty form of dynamite constitutes a peat practical advantage, inasmuch as it allows the 
explosive to be rammed tightly into the bore-hole so as to fill up all empty spaces and crevices. 
This also renders it very safe to handle, as blows can hardly produce sufficient neat in it to cause 
explosion. If a small quantity of dynamite be placed upon an anvil and struck with a hammer, it 
explodes readily ; but a larger quantity so struck does not explode, because the blow is cushioned 
by the kieselguhr. If ignited in small quantities in an unconfined space, it bums quietly without 
explosion. 

If dynamite be much handled out of the cartridges, it causes violent headaches ; and the same 
effect is produced by being in a close room with it in the unfrozen state. 

Dynamite possesses the disadvantage of freezing at a comparatively high temperature. At 
about 40° F. the nitro-glycerine solidifies, and the dynamite becomes chalky in appearance. In 
this state it is exploded with difficulty, and, consociucntly, it has to be thawed before being used. 
This may be safely done by leaving it a short time in a vessel which is immersed in hot water ; 
perform^ in any other way the operation is dangerous. 

The products of the combustion of dynamite are carbonic acid, carbonic oxide, water, and nitro- 
gen. As, however, there is more than a sufficiency of oxygen in the compound, but little of the 
oxide is formed when the charge is not excessive. If, therefore, dynamite bo properly detonated by 
using a detonator of sufficient strength, and placing it well into the primer, and overcharging be 
avoided, its explosion will not ^eatly vitiate the atmosphere. But if it be only partially detonated 
hypo-nitric fumes are given on, which have a very deleterious effect upon the health. 

Table II. shows the temperatures at which the commonly used compounds pplode. 
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Table IL — ^Fibzng Points op Explosives. 



When slowly 
Heated. 

When suddenly 
Heated. 

Gunpowder 


from 500® to 540® 

Gun-cotton \ 

Cotton powder .. 

360® 

482° 

Kieselguhr dynamite 1 

Litliofracteur / 

356® 

446° 

1 

Cellulose dynamite 

342® 

1 446® 


From Tublo II. it will be seen that cotton powder explodes at the same temperatures as gun* 
cotton, and lithofracteur at the same temperatures as kieselg^ihr dynamite. 

To furnish the oxygen which is wanting, gun-cotton has sometimes incorporated with it a 
certain proportion of nitrate of potash, or of nitrate of baryta. Tliis compound, which, it will be 
oliserved, is at once a chemical compound and a mechanical mixture, is known as nitrated gun- 
cotton. 

The explosive which is now well known as tonite or cotton powder, is a variety of nitrated gun- 
cotton. It is produced in a granulated form, and is comfuessed into cartridges of various dimensions 
to suit the requirements of practice. The convenient form in wliich tonate is made up, ready to 
the miner's hand, has greatly contributed towards bringing it into favour. But irrespective of 
tiiis, the fact of its being so higly compressed as to give it a density equal, or nearly equal, to 
dynamite gives it a decided advantage over the other nitro-cotton compounds, as they are at present 
used. 

In Schultze's powder, the cellulose is obtained from wood. The wood is first sawn into sheets, 
about tV. in. thick, and then passed through a machine, which punches it up into grains of a 
uniform size. These arc deprived of their resinous matters by a process of boiling in carbonate of 
soda, and are further cleansed by washing in water, steaming, and bleaching by chloride of lime. 
The grains, which are then pure cellulose, are converted iuto nitro-celluloso in the same way as 
cotton, by being treated with a mixture of nitric and sulphuric acids. Tiio nitro cellulose thus 
produced is subsequently steeped in a solution of nitrate of potash. Thus the finished compound is 
similar in character to nitrated gun-cotton. 

Lithofracteur is a nitro-glycerine compound in which a portion of the base is made explosive. 
In dynamite, the base, or ahsorbemt material, is, us we have said, a siliceous earth, ctilled “ kiesel- 
guhr *’ ; but in addition t4) kieselgubr, a mixture of nitrate of baryhi aial charcoal, a kind of gun- 
powder, is intrmluced. The object of employing this cxplcwive mixturo is to increase the force 
of the explosion, the kiesolguhr lx;ing an inert sul>stanee. Obviously this (►bjeet would bo attained 
if the explosive mixture possessed the same absorbent power us the kieselgidir. But unfortunately 
it does not, and, as a consequence, less iiitro-glyceriue is used. Thus what is gained in the 
absorbent is lost in the substance absorbed. The comj[X)sition of lithofracteur varies somewhat ; 
but in general its ingredients are the following ; — 


Nitro-glycerine 32-50 

Nitrate of baryta 16*40 

Charcoal 2*85 

Sulphur 25*75 

Kiebclguhr 22*50 


100*00 


In Germany, gun-cotton is used as an absorbent for nitro-glyccrinc, the compound being known 
ns Cellulose dynamite. It is chiefly used for primers to explode frozen dynamite. It is more 
sensitivo to blows than the kieselgnhr dynamite. 

As to the quantity which is required for a given blast, theoretically the force due to the expan- 
sion of the gases is exerted equally in all directions. Consequently, the surrounding mass subjected 
to this force will yield, if it yield at all, in its weakest part, that is, in the part which offers least 
resistance. The line aloug which the mass yields, or line of rupture, is called the line of least 
resistuiloe, and is tlio distance traversed by the gases before reaching the surface. When t)ie 
surrounding mass is uniformly resisting, the line of least resistance will be a straight line, and will 
be the shortest distance from the centre of the charge to the surface. Such, ho\vever, is rarely the 
case, and the line of rupture will in most instances be an irregular lino, often much longer than 
that from the centre direct to the surface. Hence in blasting there will bo two things to deter- 
mine, the lino of least resistance, and the quantity of powder, or other explosive, requisite to 
overcome the resistance along that line. For it is obvious that all exocss of powder is waste ; and, 
moreover, as the force developed by this excess must be oxjjended u{X)n soinetliing, it will probably 
bo employed in doing mischief Charges of powder of uniform strength produce effects varying 
with their weight, that is, a double charge will move a double mass. And as homogeneous masses 
vary as the cube of any similar lino with them, the general rule is estuhlished, that charges of 

g jwder to produce similar results, are to each other as tlie cubes of tlie lines of least resistance. 

ence when the charge requisite to produce a given effect in a particular substance has been 
ascertained by experiment, that necessary to produce a like effect in a given mass of the same sub- 
stance may be readily determined. As the substances to be acted upon are various, and differ in 
tenacity in different localities, and as, moreover, the quality of powder varies greatly, it will be 

• 2 R 
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neoesaary, in undertaking blasting operations, to make experiments in order to determine the 
constant which should be employed in calculating the charges of powder. Id practice, the line of 
least resistance is token as the snortest distauce from the centre of the charge to the surface of the 
rock, unless the existence of natural divisions shows it to lie in some other direction ; and. generally, 
the charge requisite to overcome the resistance will vary from to the cube of tne line, the 
latter being taken in feet and the former in pounds. Thus, suppose the material to be blasted is 
chalk, and the line of resistance 4 ft., the cube of 4 is 04, and tiding the proportion for chalk as 
we have = 2^^ lb. as the charge necessary to produce disruption. 

If dynamite be used, and we assume it to be four times as strong as common black powder, of 
course only one-fourth of this quantity will be required. Also if gun-cuttou, or cotton powder, be 
used, and we assume its strength to be three times that of black powder, one-tliird only will bo 
needed. Again, if carefully prepared extra-strong mining powder fired by a detonator be employed, 
we may assume it to be twice as strong as common black powder fired by tlie ordinary means, and 
consequently we shall need only one-half the quantity indicated by the formula. 

It is neither practicable nor desirable that such calculations and measurements as these should 
be made for every blast ; their practical value lies in this, namely, that if the principles involved 
in them bo clearly understood, the blaster is enabled to proportion his charges by sight to the 
resistance to be overcome, with a sufficient degree of precision. A few experiments in various 
kinds of rocks, followed by some practice, will enable a man to acquire this power. 

As it is a common and a convenient practice to make use of the bor(*-hole as a measure of the 
quantity of explosives to be employed, Andre has calculated the following table ; — 


Table III.— Quantity of Explosive pilltno Bore-holes. 


Diameter 

of 

the Hole. 

Black Powder 

In 1 inch. 

Gun-cotton 
in 1 inch. 

Dynamite, or 
Touite, 
in 1 inch. 

1 

In. 

oz. 

oz. 

oz. 

1 

0‘419 

0*419 

0*670 

u 

0*654 

t)-G54 

1*046 

u 

0*942 

0*942 

1*507 

If i 

1*283 

1*283 

2*053 

2 ! 

1*675 

1*675 

1 2*680 

21 

2*120 

1 2*120 

3*392 

2 ^ 

2*618 

2*618 

4*189 

2 f i 

j 3 166 

3*166 

6*066 

3 

1 3*769 

1 

3*769 

6*030 


The quantity of explosive that a given piece of work will require is, however, so much a matter 
of local practical cxi>erience that such rules can only serve ns approximations and as general guides. 
It is the practice in many districts to employ charges of explosives consisting of a hotb>tiimg of 
either dynamite or gun-cotton, and complete the charge with gunix)wder, the efiect being that 
the hole is fully bottomed, whilst the lifting action of the gunpowder is fully retained. 

The storing of explosives is a matter wdiicb in England has to bo done under license from tho 
government, which specifies exactly the kind and tho maximum quantity of explosives which may 
be kept in the magazine. Other re gulations prevail elsew'here, but in any case a proper magazine 
should be provided, and no two exj)loHive8 kept in the same box under any circumstuice wbuttiver, 
while particular care must be always exercised to see that tho detonators for such explosives as 
require them be kept entirely apart imtil wanted for use. 

FANS. 

Fans are very convenient machines for proilucing a blast such as is required for furnaces, 
ventilation, and the like. 

It is desirable that the blast for cupolas should bo adequate in quantity and pressure for the 
perfect combustion of tho fuel, but not greatly in excess of what is needed for that puri> 08 e ; 
it should be delivered as free from moisture as possible, and in a i>erfectly uniform stream. 

The pressure of blast required varies according to the nature of the fuel empleyod ; it U 
seldom that a greater pressure than from 2 to 3 in. of mercury is necessary, and with soft coke a 
much lower pressure will suffice. 

If only for the purpose of supplying perfectly dry air to tho cupola, it wouhl bo advantageous 
to heat the blast on its way from the blowing engine or fan ; but by still further raising tho 
temperature of the blast by passing it through rejgencrative firebrick stoves, a considerable economy 
in fuel would be obtained a ton of iron melt^, without any deterioration in its quality taking place. 
Blast heated in this manner can be readilv brought to a temperature of 1300® F., or can cosily bo 
regulated to any lower temperature desired. 

The blast may be obtained by means of either blowing engines, fans, or blowers, any one of 
which answers the purpose as to quality and quantity of air supplied ; questions of cost and 
convenience, affect princi{>ally the selection of the power to bo employed. 

Bometimes manganese or other reagents are blown into tho cuix)la, when tho iron is required 
for chill castings ; it will be easier to send these into the cupola by means of tho blast cylinder 
than by a fan. 

The supply of blast must be regulated as to intensity of pressure and quantity. If a cutting 
blast is employed of too high a velocity, it will blow away a considerable quantity of small uubumt 
fuel. If the blast is too soft or feeble, much of the fuel will be burnt without doing its duty ; and 
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if the preBsure is allowed to fall below a oertam amount, the fumaoe would oouBume an almost 
unlimited amount of fuel» without at any part at^ining the melting point of oast iron. 

The quantity of blast necessary for any given cupola depends upon SQ many var^ng and 
disturbing elements, that experience and judgment must be mainly relied upon to estimate it. 
The effects of the blast are by no means ditBcult to observe ; if there be too small a supply, 
imperfect combustion will result; if the supply is too large, the consumption of fuel will be 
increased ; and much of its heat will bo wasted, being carried away too rapidly through the cupola. 

General Morin made some experiments on the duties of fans, and in one instance with blast of 
low pressure driven through long passages, ho found that the useful effect of the fan was loss than 
0*07 of the steam power requirerl to drive it. 

The quality of the iron is much influenced by the quantity and intensity of the blast ; if these 
or either of them are deficient, an inferior pig iron may give off sulphurous fumes, run thick and 
pasty, and make bad or inferior castings, while the same iron, with more favourable conditions as to 
blast, will probably lose much of its sulphur in the melting, and when tapped will turn out 
tolerably workable iron. 

Any description of apparatus which will give the requisite volume and pressure of blast with 
regularity, can be adopted without in any way affecting the quality of the iron ; but there are 
numerous other considerations to be studied as to the selection of the apparatus, such as first cost, 
economy in working, power required to drive, compared with duty in the shape of useful blast 
yicilded, convenience for position, and safety. 

Figs. 1238 and 1239 represent the ordinary form of common fans. In general they consist of a 
central spindle, upon which are hung from four to six arms meeting on an eye at the centre, through 
which the axle is passed, and by which they are fixed to the axle. Upon each of these arms a 



blade generally is fixed by rivets or bolts; the assemblage of blades constitutes the propelling 
ngonts. To render them effectual they are encased in a round box, adapted to them, having a 
central opening each side, for the admission of air, and an opening in the circumference for the 
expulsion of air, with a short passage in continuation, to connect the air passages leading to the 
furnace. This case should be strong and heavy. By the rapid revolution of the blades upon this 
axle, a strong current sets in at the centre, and is propelled along the air passages to the cupola. 
The journals of the axles should bo long, with the view of dispersing the great amount of friction to 
which they are subjected, by running in their bearing at such a high velocity as is usually com- 
municated to tho axle. Unless these parts be very well fitted, and the framework of the arms and 
blades perfectly balanced and firmly fixed ujKm the axle, the greatest difficulty is experienced in 
preventing tlie firing of the rubbing parts. It is easy to see that if there be a very slight want of 
equilibrium in the machine, or, in other words, if the centre of gravity of the moving parts does not 
lie in the axis of revolution, there will lie an amount of centrifugal force created during revolution 
proportional to tho ecoxmtricity, which must be borne by the axle. 

Lloyd’s fan is shown in the vertical section, Fig. 1240, and plan, Fig. 1241. The outer case is 
cast in four parts, the two upper of which are bolted iiermancntly together, and also the two lower. 
The horizontal joint through tho centre admits of access to the internal parts without disturbing 
the foundations. S 8 are the tarings, and T the driving pulley. U is the internal revolving case, 
called the impeller, having sheet-iron discs V V fixed on the upper edges of the blades. X X are 
turned brass rings fixed on the discs, and fitted up against cast-iron rings bolted on the outer case, 
forming the centre opening through which the air eaters the fan. Y is the discharge pipe, and L L 
the feet on which tho machine stands, and by which it is bolted down to tho foundations. 

The difference between this fan and those of ordinary construction, consists in the form of the 
internal part U, which may be described as a revolving case, having six curved arms oast in one 
piece ; on these are screwed curved sheet-iron blades, of the form shown in Fig. 1240, on the outer 
edge of which are fastened the sheet-iron discs V V, previously mentioned. The total area of the 
openings at the ciroumforenoe, as also the total sectional area of the internal passages at any 
distance from the oentre, is equal to the areas of the two central openings in the sides of the outer 
case. 

0. Schiele’s fan has been very largely employed, and possesses a good many admirable features. 
It is simple in construction, requires very little to drive it, gives a good volume of draught 
relatively to its size, and is nearly noiseless in working. Keferring to Figs. 1242 and 1248, it will 
be seen that Fig. 1243 is an edge view partly in section, and Fig. 1242 is a side view with one side 
of the easing removed to show the interior, with the revolving portion of the fan in its position. 

• 2 B 2 
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A is a disc, on the periphery of which blades of the form rewesent^ a® 

mounted. The blades are supported on Uieir backs by means of ribs F, which, with the A, 

lairing from the periphery of the disc A. TJiis disc, with the blades and their supportmg brackets, 
may be constructed even of the largest dimensions in one solid piece, either by gating or mrgi g. 
B is the spindle on which the disc A is mounted; it runs in the bearings 0, the spindle Doing oi 


1240. 


1241. 



wrought iron, with cast-iron bushes ; the.se bearings C are cast with and form part of Uie casing P, 
and on the top of each of them is an oil cup X, to hold oil to lubricate the spindle. The radius ot 
disc A is larger than that of the central openings E, in the casings P, for the admission of air. 


1242. 


1243. 



The casing P is formed of two halves similarly shaped, but so as to form right and left sides ; each 
of these halves is of a curvilinear shape, curving towards the inside, and in tJ»e centre having tho 
entrance ojienings E. The blades F arc constructed of such a form, and in such profiortion to the 
casing, that they gradually widen from the |M*riphery of tin; disc to a jifuut beyond the central 
openings in the casing. From this point they decrease in wi<Uh, the cosing narrows, and folbiws the 
contour of the casing ; the tips of blades F terminating a short distance from the narrowest portion 
of tlie casing. Beyond the tips of the blades the easing slightly contracts for a short distance, so 
that the air of a slower speed, and w’hich has gone beyond the blades F, is prevented from return- 
ing, and so impinging upon them. 

Table I. gives a few pnrticular.s of the dimensions ond work of those fans, as stated ]>y tho 
makers ; — 

Table I. — Particulars of Schiele’s Fans. 


Diameter of i 
lievolving 1 
Fan. 

1 Tons MelUsl 

I an Hour 

j 

pulleys. 

Diameter 

Disclmrgf 

i inches 


1 inches ' 

1 inches 

1 12 

i li i 

I B 

i C 

: 16 


3 

, 8 

j 20 

1 2J 

1 4 

10 

30 

i 5 

: 6 

14 

j 


V 

19 

i 50 

i 

1 20 

1 

12 

24 


Fig. 1214 is a cross section oiLSturtevant's fan. Twelve vanes are rigidly supported by a 
similar number of spokes, radiatizig from an axis, and having conical annular discs mounted on 
the same axis, the fan being driven by two bolts to prevent tendency to wobbling. The air enters 
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'between the spokes aronnd the axis, and is driven by the curved floats which span the space 


whence it may be drawn by a faucet. The shaft 8 is supported in tubular bearings, sustained in 
brackets by means of ball joints, whereby the 

bearings are able to accommodate themselves lo 1214 . 

the shaft while in revolution. The oilers for the 
shaft are near the end, and have dripping wicks 
which feed the lubricant in regular quantity ; the 
oil collectors H intercepting any superfluity, as 
already stated. The set screws n n aflbrd means 
for adjusting the shaft length wine, so as to bring 
the wheel to its proper position in the case. 

Sturtevant’s fan combines many of the features of 
both Lloyd’s and Bohielo’s machines, its charac- 
teristic feature being the very long bt^arings given 
to the shaft ; and although somewhat complicated 
in construction, it has been greatly usJxi and 
deservedly popular iii the United States. 

Figs. 1245, 1246 are half sectional plan, and 
half plan respectively of H. Aland’s fan. It is of 
very strong and substantial construction, and diflTers 
from Lloyd’s fan only in the arrangement of the 
intake, as will bo evident by comparing Figs. 1241 
and 1245 ; the vanes are so arranged that they 
net in efiect as a double fan. 

The spindles are made of steel, and work in 
long bearings. The discs also are made of tlie 
bcist charcoal iron. The tremor of the strap axis 
is confined to one casting, by the bearing standards being cast in one of the lower parts of the fan 
casing. The casing is also divided horizontally, to facilitate the operation of cleaning witl^out 
disturbing the foundations. 

In fan machinery, simple as it is, in some instances monthly and even weekly repairs are 
incurred, in cons(*quence of the want of exact balance among the parts of the fan upon its axle, 
>\’ith careful management in the first construction, this source of annoyance may 1^ entirely 

1245. 1246. 




removed. Anotlier great fault consists of injudicious methods of bringing up the speed with too 
great rapidity, with a view to which it was certainly necessary to make use of os few intermediate 
shafts as possible, which of course requires that large pulleys shall drive proportionally smaller 
pulleys, than if the rate of the reduction of epee<l were more m(»derute. On the other hand, the 
experience of many enginc'ers proves that by inrideratcly attaining the speed, by the use of a 
greater number of intermediate bt*lt pulleys, repairs of any importance are not incurred for months 
and even years. The great evil of too rapidly raising the speed is the aptitude of the belt to 
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slip upon the drums : for when slipping occurs, especially among the slower parts of the 
the bmt is subjected to sudden and violent strains, caused by its unequal hold upon the rim of the 
drum. The usual remedy for this state of things is to apply resin and pitch to the acting suna^ 
of the belt to give it a hold. But the best plan is to employ spur gear in the slower parts of the 
motion, and broad belts and pulleys of conveniently large diameters for the rest. 

Properly constructed fans will work for many years without any perceptible wear, but in 
working they frequently make an unpleasant noise, especially when driven at high speeds. 

The position of the fan in its case is preferably eccentric. The continually increasing winding 
passive, between the tips of the vanes and the chest, serves to receive the air from every point of 
the circumference of the fan, and produces a general accumulating stream of air to the exit pipe. 
The particles of air having passed the inlet opening, and entering on the heel of the vane, would 
retain the same circular path, were it not for the centrifugal force of the air, due to its weight and 
velocity, impelling them forward toward the tips of the vanes, and this continued action is going 
on, particle following particle, till they are ultimately thrown against the fan chost, and are impelled 
forward to the exit pipe. It is by this centrifugal action ihat the air l:^)me8 impelled and 
accumulated into one general stream. But there is a certain velocity of the tips of the vanes which 
best suits this action. 

The preasure of the air in the pipe and chost, by the continuous rapid motion of the vanes, may 
be measured by a water or mercurial gauge attached to the blast chest. 

It has been found that the greatest results are obtained, when tlie theoretical velocity and the 
velocity of the tips of the vanes are nearly equal. 

Water is 827 times heavier than air, and mercury is 13*5 times heavier than water, or 11,164 
times heavier tlian air ; so that a column of mercury 1 in. in height would balance a column of air 
11,161 in. or 0.30*3 ft. in height. A column of mercury of 30 in. is equal to a pressure of 15 lb. 
on a sq. in. ; a column of mercury of 1 in. gives a pressure of J lb. a sq. in. A column of mercury ^ of 
ail in. in height gives a pressure of 1 oz. a sq. in. Hence tlie height in inches of a column of 
mercury, equivalent to any given pressure or density, is found by dividing tJie density in ounces a 

sq. in. by 8. 

The centrifugal -force of air coincides with the results of the laws of falling Ixnlies ; that is, when 
the velocity ia the same as the velocity which a bodj' wUl acquire in falling the height of a homo- 
geneous column of air, equivalent to any given density. Thus, taking the velocity, as obtained by 
the law of falling bodies, we find the centrifugal force or density of the air. 

The velocity of the air and the diameter of the fun being given, the rule to find the centrifugal 
forc^ is; — divide the velocity in feet a second by 4*01, and again divide the square of the quotient by 
the diameter of the fan in feet. This last quotient multiplied by 1 *201), the weight in ounces of a 
cub. ft. of air at 60® F., is equal to the centrifugal force in ounces a sq. ft., which, divided by 144 
is equal to the density of the air in ounces a sq. in. 

To a.scertfiin the theoretical velocity, the mouth of the discharge is clo.sfnl, tlu? velocity of the fan, 
merely keeping the air at a certain pressure a sq. in., when it is found that the tips of flie vanes 
must move with nine-tenths of the velocity a body would acquire, in falling tlie height of a homo- 
geneous column of air equivalent to the (lensity. It is found tliat nine-tenths of the thet>retlcal 
velocity is the most ellectual sjieed, when the fan is not discharging air, but that the same propor- 
tion holds good also when the outlet pilX) is oj>cn ; that is, that the maximum effect of the fan is, 
when the vanes move with a velocity ranging from the theoretical vek>city due to the density of the 

air, to nine-tenths of tliat velocity, the greatest quantity of air being discharged by the fun with the 
least expenditure of power. By making the hip of the o]>euing level with the tips of the vanes, the 
column of air has only a slight reaction on the vanes. 

The degree of eccentricity of the fan in the rasing that has been found to work well, is ono-tenth 
of the diameter of the fan ; that is, the space between the fan and the casing should inen^ase from 
three-eighths of an inch at the top of the outlet to the delivery pipe, to one-tenth of the diameter of 
the fiin at the point perpendicularly under the centre. 

The main pipe from the casing may Ik.* not less than one and a quarter times the area of tho 
delivery pijie, when under 100 ft. in length ; for greater lengths it should be one and a half times tho 
area of the delivery pipe. 

From experiments made to establish the best proportions of inlet openings in the sides of the fan 
chest, and the suitable corresponding length of vanes, it was found that by iiiqieding the froii admis- 
sion of air to the vanes a loss of power was occaaioneti. It was also found that the longer vaue has a 
preponderating advantage over the slxorter vane, in condensing air to the greatest density with the 
least proportion of power. 

It will, therefore, he seen tliat the throe most essfmtial points in the economy of tho fan, namely, 
the quantity and density of the air, and tho expenditure of power, depend ou tlic projiortion of the 
Icn^h and width of the vanes, and tho diameter of the inlet openings. 

Tlie width of the vanes, and their length, should be one-fourth of the diameter of the fan, and 
the diameter of the inlet opening in the sides of the fan casing should be otic-hall of the fan. 
Table II. ^ves the approximate dimensions of fans for obtaining tlie best results, varying from 
3 to 6 ft. in diameter. The first six are tho proportions for densities ranging from 3 to 6 oz. a 
sq. in., the second six are for higher densities. 

Another variety of machines for blowing is that known as a pressure blower, which produces 
a blast having a positive force, and distinguished from a fan which dues not pr^uoo a force 
hliubt. In this rcsjiect, a blower is analogous to cylinders used for pro<lucing blast. In cither 
case, the air forced must find an outlet, or the machine stops. But a fan can run with the outlet 
obstructed or entirely closed, without being in the least impederl. In a pressure blower, in which 
the air is forced forward by a revolving vane or piston, the whole of tho {lower applied, except the 
amount absorbed by the friction of the moving parts of the machine, is utilized in producing pres- 
sure ; and should tho outlet from tho blower bo throttled, the pressure of the blast will continue to 
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rise, until the limit of the driving power is reached, when the machine must stop. With a fan, 
however, the case is different ; it must be run at a ve^ high velocity to impart a sufficient momentum 
to air, a sul^tanoe possessing only a very slight specidc gravity ; thus there is very considerable loss 
of power from the friction of the bearings, the journals of which run at such extreme speed, as well 
as from the power absorbed in continually changing.the direction of the belts, which take short turns 
round very small pulleys, and but a portion of the air thus acted upon is really forced forward. 
Should the outlet from the fan be partially throttled, th<iro will be but a very slight increase of 
pressure in the blast, while the fan continues to run at the same speed ; and if the outlet be 
entirely closed, the fan will still continue running, absorbing much power, but producing no prac- 
tical effect. 

Table II. — DimcNfliONS op Common Fans. 


Diameter of Fan. 

Width of Vane. 

Length of Vane. 

Diameter of Inl< t 
Opening. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

In. 

3 

0 

0 

9 

0 

9 

1 

6 

3 

6 

0 

lOJ 

0 

lOJ 

1 

9 

4 

0 

1 

0 

1 

0 

2 

0 

4 

G 

1 

li 

1 

n 

2 

3 

5 

0 

1 

3 

1 

3 

2 

6 

6 

0 

1 

6 

1 

6 

3 

0 

3 

0 

0 

7 

1 

0 

1 

0 

1 3 

G 

0 

8§ 

1 

li 

1 

3 1 

1 4 

0 

0 


1 


1 

6 

1 4 

6 

0 

lOJ 

1 


1 

9 


0 

1 

0 

1 

6 

2 

0 

! G 

0 

1 

2 

1 

10 

2 

4 


The best known blower at present is Roots’, an American invention, but largely used in 
En^und, and inoile hero by Thwaites and Carbutt, of Bradford. 

R(K)t8’ Blower, as arranged for foundry work, is shown in Figs. 1248, 1249. It has rotary 
pistons cov(?red with wood lags, by which construction the pistons can be made lighter than 
cast-iron pistons, and thus take less power, run more quietly, and at twibe the speed of the iron 
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pistons. The thickness of a sheet of paper is the only clearance that is allowed, and, in order 
still further to reduce the clearance, a frictional composition is evenly applied with a brush, over 
the surface of the hollows of the rotary pistons, until every portion of tho pistons is shown to be 
in contact. 

The composition is of the consistency of ordinary paint, and also answers the purpose of 
preserving the woo<l. The wood used is the finest select^ deal, free from knots, thoroughly sea- 
soned and dried for three years. The lags are held upon malleable cast crossheads with bolte, which, 
for security, have tho bolt ends riveted over the nuts. At the joints of the wood lags is inserted an 
iron tongue, which runs the whole length of the joints. Tho end plates are planed, and are pro- 
vided with bosses, which are bored and fitted with hard gun-metal bushes, forming the bearings 
for the steel shafts. Tiieso gun-metal bearings are long, with considerable area of wearing surface, 
and can be easily replaced when worn out. The side plates of the casing are half cylinders, cast 
separately, planed on tho flanges, boltqd to form a circle, and then bored out as true as a steam- 
engine cylinder ; the side plates and end plates are connected together with fixed bolts. The outlet 
branch is fixed in most cases at the bottom, and a perforated box cover is fixed at the top to admit 
the air, and to prevent anything else from entering the machine. At each end, outside the casing 
of the blower, is fixed a pair of accurately pitched spur wheels for gearing the two pistons together, 
which are covered in with iron boxes. [Upon the iron box is fixed a cover plate, provided with 
gun-metal bushed bearings for the shafts, and outside of these oovers are fixed the driving pulleys 
on one end of one shaft, and on the opposite end of the other shaft, a crossed and open belt from a 
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oouuter-Bhaft being nsed for driving ; and outside the driving pulleys are fixed additional bearings 
to take tlie pull off the driving belts. All portions of those are made in duplicate, and the wo^ 
covered rotary pistons are correctly shaped to templates by a wood -planing machine. The original 
method of hand-shaping ^e revolver, which was at once tried, could not be depended upon to 
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produce the rotary pistons ouickly and with sufficient accuracy. It appears that iron pistons, which 
frequently replace the' wooden pistons in these blowers, are decidedly to be preferred if the blower 
is to be placed in a situation at all liable to dampness. 

7'able III. fumihbea bome interesting particulars as to the dimensions, work, dimensions of 
discharge pipes, and other details respecting Roots* blowers ; — 

Table III. — Particulars of RfK)T8* Rotary Blowers. 


Mfitinp Iron. i | Cionrral Dimensions. 


! 

No. of 
Blower. 

No of 1 Tons ' 
i of ' 
lutiom ! Metal ; 

a an ' 

Minute. Hour. 

1 

Adapted 
to ('upola 

Approxi- 

mate 

Horse- 

Vtilunies of 
^ Bla8t, in 
CuUic Fet't, 

1 delivcretl 

1 a Alimite. 

' Dia- 
■ roeter 

' Breadth 1 

1 i 

j IHiHeyb.; 

i 1 

1 1 )ia- 1 

! meter ot; 

Kxtomal Ditnenbiona. 

Approxi- 

mate* 

1 

Lining. | 

f 

power. 

of 

PuU»*y8. 

Delivery 

1 Orifice* 

^ lif-ngtb. 1 Breadth 1 

i . ' ___ 1 

! Height. 

Weights. 



in. 


I ; 


! in. 

in. 

i ft. In. ! ft. 

in. 

I ft 

in. 

! cwt. 

No. 2 a 

B30 2}j 

24 to 30 

2 

I 16.50 1 

1 

1 5 

8 

1 3 ]0 ; 3 

0 

2 

6 

H 

2 

400 3 

24 „ 30 

2 

2000 1 

12 

1 4 

8 ! 

i 4 8 ! 3 

9 , 

2 

6 


„ 3 

3.50 44 

30 „ 36 

4 

^ 3000 1 

1 14 j 

5 

10 ; 

; .O 8 3 

0 

2 

8 

i 12 

, 4 

32.5 8' 

36 „ 48 

6 

I 4550 1 

1 Ib 

6 1 

12 

0 8 4 

0 

3 

4 

1 1^ 

„ 5 

320 12 

48 „ 60 

s 1 

i 6100 

18 


14 

7 10 4 

0 

3 

G 

t 23 

„ 6 

310 16 


11 1 

1 

‘ 8680 ' 

20 1 

9 

18 

8 0 ; 5 

0 

4 

0 

30 


It would appear that this machine, when fitted with wood pistons, is rather liable to be affected 
by variations in temi>erature, a matter which must be attended to in fixing the innehino. 

A blower of very ingenioas construction is that invented by John G. J>uker, of Philadelphia, and 
shown in scretion. Fig. 1 247. It is already largely employed botirin Kngland and America, and promises 
to i>ecome a standard machino for foundry use. It consists, as will be seen from the figure, of tliree 
drums, the upper drum Ijeing furnished with two blades or vanes, passing alternately through wide 
opfrnings made to receive them in the two lowf r drums. This blower is made entirely of iron, the 
cylindrical portion or case bored out and faced on the ends, the heads of the machine, or ends upon 
which the bearings are b<jlted, being also faced off true. The case is secured nt the ends by bolts, 
and when in exact position the ends are dowelled, so that when the case is removed it can be 
returned to position without delay. The base is a solid costing faced on its upjKir side, and ix)lted 
firmly to the ends of the macliine ; the drums are each cast in one piece, turned truly, and balanced 
to ensure closeness, and at tiie same time to render them steady when running ; the slots in the two 
lower drums extend throughout their entire length, and are made considerably wider than is 
n^ded for the passage of the wings, in order to ensure freedom in action, and prevent any danger 
of the ^ngs striking against them when entering or leaving; the wings of the central dmm aro 
fact d off and bolted on firmly ; they are cast in llie requisite form to ensure the groutt^st strength 
m projiortion to their weight. As with other machines of this class, the bearings in general are 
made large, to secure extended bearing surface, and give the journals such a degree of strength us 
to prevent them spnnging, and to overcome rapid wear. To find the amount of power to be used 
with one of these machines, the following formula will be found useful, the quotient will bo the 
actual horse-|>f)wcr, less the friction of the blower; — 

Q = cubic feet of air delivered a minute. 

P = pressure in ounces a square inch at blower. 

H.P. =r indicated horse-power nxjuired. 

^ 2 P X 
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Table IV. following relates to Baker’s blowers, the sizes being those made by the Saville Street 
Foundry Company, Sheffield — 


Table IV. — Particulars op Baker’s Blowers. 




Cubic Feet 

No. of 


Iron 

Diameter 




Displaced 

Revolutions 

Size of Cupola. 

Melted 

of 




a Itevulmlon. 

a Minute. 


an Hour. 

Blast-pipe. 






in. 

tons 

in. 



3 

3 

110 

18 to 22 

f 





! »» 

180 

»> 


9 * 



6 

6 

105 

22 to 27 

n 

8 



»» 

*9 

150 

*9 

2 

99 



9 

9 

100 

27 to 30 

2 





»> 

1 130 



»9 



13 

13 

95 1 

30 to 34 

2i 




»» 

»» 

120 

99 

3^ 

99 



17 

17 

85 

34 to 40 

H 




>» 

! 

115 

»9 

5 

99 



25 

1 ^5 

75 

40 to 48 

5 

14 




I 

110 

99 

8 

♦1 



30 

30 

70 

48 to 52 

8 

15 



1* 

•>1 

10.5 

99 

10 

9* 



60 

60 

60 

52 to 84 

10 

24 


1 

n 

1 

1 

! 

100 

1 

9» 

20 

99 



Blowers must be set on good solid stone foundations, to which they should be Iield by proper 
bolts, and care should be taken to set tlu^m level lengthwise. Too much stress cannot be laid upon 
the nece«.sity for providing iron piping for the air-conducting pipes, and seeing that these, with the 
shut-oiT valves and conn<.Ttions, are perfectly tight. An escape valve may be fixed with advantage 
upon the nir-pif)es, to relievo the blower from too great an increase of pressure of air, caused by the 
closing of the shut-otf valves while the machine is in operation. 

It is to be regretted that no more definite and independent information is to be obtained, with 
regard to the superiority and relative advantages of the various pressure blowers in use, and of the 
comparative results obtained by such machines as applietl to the foundry cujx)la, than that issued 
by their respective manufacturers. The subject has not yet received the attention it deserves at the 
hands of the ironfouiuler in England, nor have the results been so carefully woikcd out as in the 
Uiut<3d States of America, where the conditions of working are somewhat different; and it must 
bo inferred from Iheir tardy adoj)tion, that the advantages offered have not been clearly understood 
or appreciated by the users here, manj" of whom have a strong preference for the fan. 

Tliere are, however, certain well-known advantages in their use as against the fan, which aro 
more than sufficient to cover the increased cost of their adoption, and these will now bo considered. 
The first great difference lies in the fact that the pressure blower is a positive or force blast, 
measuring accurately the amount of air delivered a revolution ; the fan is not, nor can it be made to 
do so, whatever its construclion. How far this is beneficial will appear farther on. Tho fan is able 
to produce a pres-siire from the fact that air possesses a light specific gravity, and by setting in 
motion arms or beaters at a high speed, sufficient centrifugal force is prefaced to repel tho particles 
of air outwards or towards the delivery by beating it. By rapitlly increasing this centrifugal action, 
its density and consequent pressure may be effected up to a certain point. 

In tho blower, however, tlio quantity of air forced forward at each revolution is practically the 
same, whether making 100 or 200 revolutions a minute, and does not in any degree depend upon 
centrifugal action, or upon the specific gravity of tho air to give a definite displacement; and this 
commends the blower, as a source of economy in promoting the combustion of the fuel in the furnace, 
and in tho power noi’essary to drive it, as the difference in speed alone in the two machines varies 
from 100 to 5000 revolutions a minute. 

In order, therefore, to maintain a pressure such as is ordinarily required for smelting iron, the 
fan must sometimes run at a speed dangerously near the bursting straiu of tho materials of which 
it is composed, whilst there is a limit to the pressure which cau be attained by this centrifugal force, 
and when that limit is rcaohod no more air will be forced forward, however the speed may be 
increased, thus absorbing power uselessly. This fact admitted, it follows that the effectiveness of a 
fun to deliver a given quantity of air, is proportionately impaired by the degrees of resistance which 
are brought into operation during the melting process ; and this argues that there is a constant 
uncertainty as to the amount of air entering the cupola, whilst it is equally clear that under such 
conditions the same, nay more, air is requir<*din the interior of tho furnace to produce an economical 
yield of iron a lb. of fuel burnt. As the melting proceeds the tuyeres become foul from the accu* 
mulation of slag and cinders in tho interior, to such an extent that the melting ceases, and the iron 
is rapidly deearbonizod, loses its fluidity, and is quickly chilled, so that the castings are bad from 
being run short, too hard or unworkable with the tools which follow, producing much waste. 

Wo have testimony from many ironfounders on this important point ; in many instances inferior 
brands of iron are used with the blower blast, for precisely the same clastf of work as formerly 
required tlie most expensive pigs when the fan was used, ami witli better results. 

We cannot reduce iron without fuel, but there is a necessary quantity, and the proportion of air 
is as definitely fixed for its complete combustion ; any excess of either is simply so much extra cost 
put upon tho cost of the castings produced. 

We know also that there is a certain degree of heat necessary to melt the largest amount of iron 
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in a given time, with the least amount of fhel, but it is possible to consume any quantity of TOke 
without melting a single pound of iron, if the temperature is not sufficiently elevated by a judicious 
admission of the necessary oxygen, to combine with the carbon of the fuel ; so that a machine deli- 
vering a fixed quantity of air in a given time, is as necessary as the knowledge of how much coke is 
required a ton of iron put into the cupola. But as combustion can only proceed at a certain rate, 
it is equally important that too much air is not forced therein, otherwise the temperature of the 
furnace gases is lowered. 

When the proper amount of air is supplied the combustion is perfect, and the highest rate of 
melting is attained ; but then wo must remember that as the carbon seizes upon the oxygen of the 
air and converts it into carbonic acid on its entrance at tlio tuyeres, so this compound is rapidly 
reconverted into carbonic oxide as it ascends through the charge, from the liberation of the hydro- 
carbonic and other gaseous elements of the fuel ; and that, in order to secure the highest tempera- 
ture and efficiency, we must be enabled to inject continuously a given quantity of this oxygon to 
prevent the formation of carbonic oxide, and this only bo done by some machine which delivers 
positively, under all conditions of the furnace, a fixed quantity. 

We have said enough to prove the importance of fixeil quantities of fuel, air, and iron in the 
economical production of castings ; but Table V. illustrates forcibly what actually takes place^ in 
the cupola, showing the operation of the blast in actual work, using a Baker's bl(»wer, and comparing 
the pressure with those of a fan. Blast given with a No. 17 Baker blower, running 93 revolutions 
a minute, blast pipes cast iron, and perfectly air-tight. 

When the blast is first put on, the pressure will bo somewhat near 10 oz., slightly 
diminishing the first fifteen minutes, until the iron commences to melt, then, rapidly increasing 
in pressure until the highest limit is obtained, which is in about an hour and a quarter after the 
blast is put on. The fuel used was the best antliracite lump coal, and the iron was two-thirds pig 
and one-third sprues, small gates, fine scrap, and the like, at last of the heat. 

The average amount of power, number of lb. of iron melted to each lb. of coal used, and iron 
melted to the lb. of coal, are given in Table V. 


Table V. — Work done by 37-inch Cupola and Baker's Blower. 


Reference Letter 
to '1' rials. 

Time in 
Minutes. 

Average 
Horfle-pc»wer 
during Heat. 

No. of lbs. 
Iron 
Melted. 

Lb. of Coal 
ust'd. 

Iron Melte*! 
an Hour. 

Iron Melted 
a Minute, 

Lb. Iron 
Melted a 

11). CX>al used. 

A 

92 

7*45 


1,500 

9,729 

162 

8,000 

B 

99 

7*40 


1,450 

8,780 

146 

8,275 

0 . « . • • . 

100 

7*55 


1,550 i 

9,075 

152 

7,800 

D 

101 

700 

12,550 

1,550 i 

9,181 

153 

8,032 

£2 . . . . . . 

101 

7*50 

13,873 

1,650 i 

8,950 

HO 

8,403 

Average . . 

101 

1 7-50 

12,50* 

1,510 

1 9,143 

152 

8,102 


A careful study of the experiment reveals several important facts to which we would call 
attention. 

1st. The ever-varying conditions of the furnace as regtu-ds the pressure of blast to produce the 
results. 

That, under ordinary circumstances, such a resistanco to the p^sage of the air through the 
charge in the furnace is imposed, as to cause a cDnsiderablo increase in the pressure of the blast, and 
that if the machine is not capable of answering such conditions, there must be a corres|K>uding 
loss, both in fuel and the quality and quantity of castings turned out in a given time. 

Seeing that the highest pressure required is from 20 to 24 oz. a sq. in., *it is impolitic to 
employ a fan whose highest duty is 16 oz. ; not that pressure is absolutely necessary for snioltiiig 
in the cupola, but that in order to introduce the necessary amount of oxygen to the pound of fuel, 
the internal resistances reach such a point, as to cause a corresponding increase in the density of 
the air. 

As a mere question of mechanical arrangement, simplicity and economy of power, there is a 
decided advantage in the running at a low speed with a positive displacement a revolution, and wo 
also know exactly what air is being delivered with a blower. 

See OoAL Mining, Ventilation. 

FOUNDING. 

The art of casting metals, or founding, is of essential aid to the mechanical engineer, as he has 
to employ it largely in his constructions. It includes furnace practice, pattern making, moulding 
casting, mixing of metals and their alloys, with other minor matters. 

lieverbemtoTjr, air crucible, and cupola furnaces aro those principally used in founding. 

The chief object of a cupola furnace is the melting of cast iron ; any reducing action being 
of secondary consideration, as only a single chemical operation is intended to lake place in 
the cupola, the partial conversion of the silicon contained in the pig iron into silica. As a 
certain percentage of silicon is desirable in cast iron, which, of all the admixtures of pig iron, is 
the most liable to oxidation, when the fluid or semi-fluid iron is ex^ioscxl to a jot of atmospbeiio 
air, it is neceisai^ to select a description of pig iron containing a surplus of silicon, which is 
reduced to the ri^it proportion by the oxidizing agency of the blast No other change in tho 
eompofdtioD of pig iron, espeoially no reduction, is intended, and this constitutes a fundamental 
difference between the cupola and the blast furnace. 
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The bleat fvimooe ia need for the purpoae of etiminating oxygen, or, ea thia ia mainly aohieved 
by oarbonio oxide, of generating this description of gas, and of exposing the ores to its 
deoxidizing agency. 

That portion of the blast, which as a matter of necessity is converted into carbonic acid 
immediately after entering the furnace, has to be reduced to carbonic oxide as qui<‘kly as possible, 
for the purpose of preventing the ores from melting at too €»ar1y a stage. The fusion of the ores 
takes place after the reduction has been effected, and is confined to as small a zone of the furnace, 
and to as short a time, as possible. 

The cupola, on the contrary, is solely adapted for melting in the best possible manner, by 
generating the largest possible number of caloric units, or by converting the whole of the fuel used 
into carbonic acid by means of the blast. 

If a blast is forced into a furnace at a comparatively high pressure, the surface of the jet expend 
to the fuel will be comparatively small ; the combustion will be incomplete, and carbonic oxide 
will bo the result. If the same quantity of air is introduced into the furnace within the same time, 
under comparatively low pressure, the air will expand in the interstices between the fuel as soon as 
it enters the furnace ; the points of contact between the oxygen and the carbon will be multiplied, 
and a complete oombustioii, resulting in the production of carbonic acid, will be the result. 

The degree of combustion, or the quantity of caloric obtained by it, depends upon the propor- 
tion of the surface exposed by the blast and the fuel to each other. This offers an explanation 
of the fact, that a dense fuel has proved to be advantageous in the cupola, where the generation of 
caloric is the principle object uime<l at. Charcoal will never grive as go<»d results as coke, because 
the surface offered by it to the blast is far too large, and could only be made proportionate by a 
partial evacuation of the interior of the cupola. 

A partial reduction of the carbonic acid, produced by the blast of a cupola, to carbonic oxide 
cannot be prevented. The additional quantity of carbon effecting this, and the necessary caloric for 
converting this carlx>n into a gaseous state, constitute a loss, which, however, is diminished by the 
use of a dense fuel, and by the clrcumstanco that the pig iron, whilst molting, absorbs a considerable 
quantity of beat, from a portion of tho carbonic acid generated by the blast, whereby the tempera- 
ture of this portion is lowered, to such a degree that its reduction to carbonic oxide becomes 
imp<^>8sible. 

Tho first of these losses may be considerably reduced by a proper height of the cupola, from 8 to 
10 ft. above the tuyeres being sufficient to reduce the temperature of the waste gases to an average 
of 120'^ F. 

The quantity of heat lost by conduction cannot be lessened by an extra thickness of the lining, 
as was formerly believed, but may bo very materially reduced by melting the pig iron down quickly. 
The ratio of the number of heat units pro<iuced by the generation of carbonic acid to that by 
carbonic oxide, is as 8 to 5 for equal quantities of atmo8f)henc air, and as 3 to 1 for equal quantities 
of carbon ; the quantity of pig iron melted will, as a matter of course, increase, and the loss of heat 
for each unit of weight of pig iron, occasioned by conduction, will decrease in the same ratio. 

All modem constructions of cupolas which have been attended with more or less success, have 
been based u{x)n these two conditions ; the greatest distribution of the blast, for the purpose of 
bringing down tho pressure, and enlarging the surface of contact between the blast and tho fuel, 
and plenty of it, in order to increase the quantity of pig iron that is to he melted dowm within a 
certain time. 

If these systems are carefully carried out, the results will be almost identical, the ratio of tho 
weight of pig iron to that of coke, by which it is melted, being a maximum of 100 to 6. 

Tho following data have been proved by practical experience ; — The pressure of the blast should 
only be due to the obstruction offered by the coke and iron in the cupola, and never to a diminished 
section of tho tuyeres; it ought not to be much less than 8 in. of water column, 0*28 lb. on the 
sq. in., and not more than double that. The aggregate sectional area of the tuyeres should not be 
less than { of that of the shaft ; it is frequently as and even more. Tho sectional area of tho 
narrowest portion of a cupola shaft should be about 150 to 100 sq. in., for each ton of pig iron 
to be melted an hour. The quantity of blast a^secoud, reauired to melt a ton of pig iron in an hour, 
is from 41 to 49 cub. ft. a sq. ft. of the sectional area of the shaft. 

The differcuco of opinion formerly existing as to the thickness of the lining, has been settled by 
experience in favour of thin linings ; generally speaking, a thickness of 7 in. is sufficient for a 
cupola working three to four hours a day ; in case of a longer working time, tho thickness should be 
increased to about 10 in., and for cujTolas working all the day long it is taken 11 to 12 in. 
thick. Thick linings absorb more heat, which is wasted every time the cupola is blown out; 
besides, they are not c>ooled by the atmosphere as effectively as thin ones. 

The oupiila has tho great advantage of melting iron cheaper than any other furnace, and of 
being a very convenient apparatus, as from ^ a cwt. to 5 or 6 tons may be melted in a short time, 
with a comparatively small quantity of fuel, in furnaces differing only slightly in size and form. 

Tho cupola, being only intermittently at Work, does not afford tiie same facilities for utilizing the 
waste heat passing off from the top os does the blast furnace. The same reason also militates against 
economy of fuel, as the cupola has to bo lit up very frequently, an operation which consumes a 
large proportion of the fuel used. Yet a well-constructed and properly managed cupola is a 
tolerably efficient apparatus, and does not offer a margin for any very material decrease in tho con- 
sumption of fuel, which, with fair materials and management, may be taken to average 2i cwt of 
good coke to the ton of liquid iron, although the work has been done with a much smaller oon- 
sunmtion. 

In modern practice the cupola is built of n cylindrical form, the casing being either of wrought- 
iron plates or of cast iron. When the casing is of oast iron it is advisiblo to strengthen it with 
wrought-iron hoops, especially in the case of a large cupola. Cast-iron casing is moat durable, and 
can be made with projecting fiangea to bolt the segments together, and upon which the wrought- 
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iron hoops should be shrunk whilst hot The eoonomy of coke Is principally determined by having 
the cupola of the correct height proportionate to its diameter. 

When the maximum diameter does not exceed 4 ft.^ the height may range from five to six times 
the diameter. With cupolas having a larger diameter than 4 ft.) the height should not exceed four 
to five diameters, up to the feeding aperture. 

The objection to a very great height of cupola, is the increased time and labour involved 
in raising the materials for charging, and wherever the height is considerable, efficient moohanical 
arrangements are, of course, required for this purpose. 

The diameter of cupola is also subject to much variation, ranging from 18 in. up to 4 ft. or even 
larger. A cupola 18 in. wide, with one tuyere, will make good hot metal If worked witli charcoal, 
but to work satisfactorily with coke requires a cupola at least 2 ft. diameter with two tuyeres ; and 
with anthracite a cupola, to produce the same result, should bo 2 ft. 6 in. diameter. A well-built 
chimney should be connected to the cupola, although for modorato-slzed works a sheet-iron chimney 
is generally found to answer. 

The prevailing interior horizontal section of the majority of cupolas is, at the present time, 
circular, however varied in other respects they may be. 

A cupola of this description has been known to molt from 10 to 20 tons of iron a day with but 





a 120 lb. of coke to the ton of metal melted, which 

consisted of various mixtures of Cleveland 
hematite and Scotch pig. The diameter was 
8 ft. (3 in. ; height from tapping hole to charging 
floor, 14 ft. It was supplied with blast from a 
blower, at a pressure of *25 lb. to the sq. in., 
and melted ut the rate of about 5} tons an 
hour. 

The construction of Krigor's cupola is shown 
at p. 23(35 of this Dictionary. It has not come 
much into use in England, and recent Gorman 
examples are considerably moiUfied, being cir- 
cular in section, and having a chamber arranged 
where the breast is placed, this chamber being 
at a lower level, and practically acting as a col- 
lecting ladle, the metal being run from it 
through a taphole in the ordinary way. 

The Mackenzie cu|)ola, Figs. 1250, 1251, is 
largely used in the United States. It is gene- 
rally elliptical in plan. Fig. 1251, and the blast, 
instead of being supplied through tuyeres, is 
admitted through an Of)ening which extends 
completely round the bottom part of the cupola. 
The blast is led into a chamber surrounding 
p— I j — -j the boshes of the cujxjlu, and from thence it 

H'—h, escapes through the annular opening into the 

furnace. The cupola is fitted with a drop 
hrittoro, seen in detail, Figs. 1252, 1253, which arrangement is almost universully adopted in the 
States. 

American cupolas as a rule are largo in diameter, which is an essential feature when anthracite^ 
the fuel most common in America, is use<l. An arrangement often adopted is to have the sides 
parallel, but with a convex shaped belt, of the same material as the lining, arranged just above the 
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tuyeres, this belt effecting the same object, although imperfectly, as the boshes in such forms as 
those of Ireland or Voisin. 

Ireland’s cupola is built with boshes, and has a cavity of enlarged diameter below them, so as to 
give increased capacity for the liquid iron. One arrangement of it has two ranges of tuyeres, 
ordinary ones at tne bottom, and smaller but more numerous tuyeres above the boshes. 

Ireland's directions for the management of one of the cupolas were as follows ; — 

** The small cupola must be filled with coke about half-way into the boshing, and then put on 
about three handfuls of limestone. Then put on the pig metal across the centre of the furnace, with 
the ends of the jugs towards the tuyeres, piling up the sides with scrap, and cover the whole with 
coke. If the weight of metal be 20 cwt. put on 10 cwt. at a charge, i>roportioned, 7 cwt. of pig iron 
and 3 cwt. of scrap, and cover well with four riddles of coke. If the weight of iron be between 
20 cwt. and 26 cwt., divide it into two equal charges, and put between each of the chnrges four 
riddles of coke. Put three handfuls of limestone between every charge. If the weight of metal be 
30 cwt., or up to 40 cwt., divide it into three charges, and put on coke as above stated.” 

The superiority of Ireland and Voisin’s cupolas over the old construction, consists in the shape 
of the interior, the height, and the perfect system of charging. Owing to the shape of the interior, 
tho charges are kept up by the boshes alone, and as they gradually descend the incline they are 
molted ; consequently the only portions of tho lining of the cupola that arc subject to wear, are the 
boshes and the sides of the crucible. 

Woodward's steam-jot cupola is worked by means of an induced current, caused by a steam jet 
blowing up the chimney of the cupola, instead of by blast forced in below. It is asserted by those 
interested in this cupola, that it effects a great saving in fuel over the ordinary fan>blast cupolas, and 
it seems tolerably certain that it is at least as c^conomical as the best ordinary furnaces where fans 
are employed, with the additional merit of great simplicity. 

The steam requiro^l to create tho draught, is only equal in quantity to what would be consumed 
by an engine, for driving a fan of sufficient jMDwer to work an ordinary cupola of tho same size. 

Heaton’s cupola is constructed by building a tall stack on the basis of a cupola, and providing the 
latter with two rows of birge tuyeres ; the heat and draught are maintained Biinjily l>y the asceusive 
power of tho hot air passing up from tho cupola and stack or chimney. 

Voisiii’s cupola, Figs. 1254 to 1256, is a good form. It is constructed of boiler plate, in thick double 
riveting, in this instance, and lined with firebrick made to the shape of tho interior. The Ijottom is 
arranged to drop after the American plan, sufficient space bting allowed beneath to accommodate a 
truck or trolly, for conveying away the broken bottom and contents remaining when the furnace is 
drawn. The blast is supplied from a belt completely surrounding tho cylinder of the boshes, and 
from tliis belt tw'o sets of tuyeres, four in each set, deliver tho necessary supply of air. It will be 
seen. Figs. 1255 and 1256, that the lower set are arranged oi>posito and at right angles to tho main, 
while the upper set are diagonal to it. Tho inventor claims through this arrangomeut of the 
tuyeres, that tlie gases being burnt in tho interior of the cupola, create a second zone of fusion with 
those gases alone. In otlior words, the second set of tuyeres obviate to some extent the evil effect 
of the formation of carbonic oxide. Voisin s cupolit has certainly been very successful, and tho 
more so, wo ore iuclincd to think, owing to tho careful proportioning of every part given to it by the 
inventor. 

A portable cupola with its fan is shown in elevation, Fig. 1256*, it is formed of a cylinder A A, 
of slieot iron of an in. thick, 2 ft. 3 in. in diameter, and 4 ft. 6 in. high, lined with firebricks and 
clay, ill 4be usual manner, 4 in. thick. 

The cupola weighs about 6 cwt,, and is easily lifted by the workmen on to a trolly and taken to 
the place required, when it is lifted off and placed on a temporary staging. 

The cu{)ola has a belt or uir chamber at C C, into which passes the air from the fan D, and it has 
four tuyeres of 2 in. orifice to admit the air to the lire. Tho yield of metal from so^ small u cupola 
was great ; as much as tons have been run down in seven hours by two men turning the handles 
of the fan, and nearly 4^ tons by tho use of tho engine in the same time. 

Numerous othei forms of portable cupolas are knowm, but none of them appear to bo as efiicient 
and simple as tliat illustrated, which w'as employed some years since melting metal for a special 
purpose on one of tlie large railway lines. 

In tho dis{)ositiou of a range of cupolas, attention should be particularly directed to placing them 
conveniently for access with tho raw materials, all of which, it must be remembered, have to pass 
along the charging platform to the furnace mouth, and are much more bulky and weighty than the 
output of castings. It is ndvisiible to keep the cupolas, the tapping floor, and the charging plat- 
forms in a separate building from tho rest of the foundry, but communioatiug with it, and to have 
it covered with a light corrugated iron roof, but provi Jed with means of obtaining ample ventilation. 

The charging platform must be strong enough to bear the passage of tho iioavy loads of materials 
passing over it, and of sufficient area to allow of the 8ep.arate staining of the coke, limestone, pig 
and scrap iron employed in each cupola ; also for the firebrick and fireclay required in repairs and 
lining. 

There ore various methods employed for raising the materials on to the charging platform, the 
most costly and inconvenient of all being manual labour, except in oases of very small foundries. 

A travelling steam-crane, which can be moved to serve any one of the range of cu{)ola8, or a 
hydraulic lift, such as that on p. 2250 of this Dictionary, which will hoist a truck load of coke or 
iron from the ground level to the platform, are tho arrangements employed in the best works ; all 
materials reaching the charging platform pass over a weighbridge, and the furnaceman in charge 
has to keep an account of these deliveries. 

Immediately over every cuixda should bo a hood, which may bo supported by a ring of oast iron 
on pillars resting on tho top plate of the cupola, the hooii itself being of sheet iron, or built of good 
red brick set in fireclay, with a considerable taper, and having hoop-iron bands at intervals of from 
2 to 8 ft. the whole way up. 
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The common cupola, for the height of about one diameter, should have its sides built parallel, 
after which they may gently taper inwards to the height where the top plate receives the pillars for 
supporting the hood, tiie whole being lined with the best firebrick, and all the spaces l^tween the 
pillars and the hood ring are also to be filled in with firebrick, except the opening, which is to be 
left between two of the pillars for the feeding aperture. 






The cupola may also be lined with a mixture of 
fireclay and river sand, firmly rammed in, and slowly 
dried ; or witii road mud, when obtained from a road 
muca^mized witli fiint or hard sandstone ; but the 
latter must not be used if it contains any iron or lime, 
and is not to bo recomiiiendtid as very reliable. The 
lining should be at least 7 in. thick, and may bo 
thicker if made of firebrick. The bricks must be set 
in fireclay mortar, consisting of refractory sand, and as 
much fireclay as is needed to hold the sand together. 





For small cupolas a lining of well-rammed gan> 
ister may bo used, or washed scrapings from off 
flint roods, if in a clay district. 

The material was at one time commonly applied 
by ramming it down between the inside of the cupola 
and the outside of a wooden block of the same shape 
as tlie interior, but so much smaller as to leave the 
desired space for the lining. The wooden block must 
be so made as to be easily taken to pieces to be 
removed, on the principle of a bootmaker’s last. This 
p^n is still occasionally practised, especially in 
France. Great care is required in drying this lining, 
as it is difficult to prevent unequal drying, when 
parts of the lining will probably become detached the 
first time it is put in blast. 


1 1 I., * tZHj It is therefore decidedly preferable to use imecial 

firebricks, or lumps, for the lining, especially of large 
cupolas, although as a refractory material, ganister is scarcely to be surpassed, consisting of nearly 
pure silica, with a little oxide of iron and alumina. 

The firebrick lining except for portables, should have all the bricks laid as headers with fire- 
day joints not exceeding about one quarter of au inch in thickness. 
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The fireclay used for this purpose, aud also for backing up the brickwork to the casing of the 
cupola, should be the same clay as that from which the firebricks have themselves been made, so 
that when at a high temperature, there shall be no tendency to any chemical reaction, such as 
might be caused bjr only a slight variation in the constituents of the clay. Many furnace builders 
merely dip the bricks in a thick cream, composed of the same materials from which the bricks 
were made. 

The damp, loamy sand used for the bottoms of cupolas should not contain much alumina, and 



sliould be rammed well down, especially where it touches the walls. It should be about 6 in. 
thick, at the outer edge, slightly hollowed towards the centre, and with a good fall towards the tap 
hole. 

Wlien the cupola has a movable iron bottom, care must bo taken not to put so little sand on it 
as to risk burning the trap away, whilst on the other hand, if the bottom is too thick, it will be 
more difficult to break down when it is wished to empty the cupola, especially if the sand contains 
a largo percentage of clay, tending to make it bake hard and solid. 

The tuyeres for large cupolas may be protected from tlie heat to which they are exposed, in the 
same manner as blast-furnace tuyeres, but the destructive action to which tliey arc liable is less 
than that which blast-furnace tuyeres have to bear, where they carry in highly heated blast into 
the furnace. 

TJie usual method of protecting a tuyere is by keeping up a circulation of cold water round it, 
which is cfiectcd in a variety of ways, great care being necessary to prevent any leakage into the 
furnace, a source of much danger to the men. 

Until recently all the tuyeres in use since the introduction of hot blast first necessitated a 
water tuyere, may be classed imder two heads, n^ely, the coiled tuyere and the water-jacketed 
tuyere. 

The coiled tuyere is generally made of a coil of wrought-lTon tube imbedded in the sides of a 
hollow case of cast iron. Sometimes the coils are wound close at the nose of the tuyere, in order 
more effectually to prevent the cast iron from burning ; and sometimes the tuyere itself is formed 
entirely of a coil of tube, closely wound from end to end. 

- The water-jacketed tuyere is generally made of wrought iron, and consists of two conical tubes 
of different diameter, connected at each end by rings of wrought iron welded in, so forming a space 
between the two concentric walls of the tuyere, which is filled with water supplied under pressure, 
and generally brought in through a feed-pipe at or near the bottom of the tuyere, and allowed to 
OBC^e through a second pipe in the upper side. 

Phosphor-bronze tuyeres are generally fixed in a cast-iron casing or box, beyond which they 
project into the furnace for the greater part of their length, and tliey are so arranged that they can 
be turned round in the cast-iron plate or box, in order to expose a different side of the tuyere to the 
action of the materials in the furnace. Greater durability is claimed for phosphor-bronze than for 
gun-metal or copper, but each metal possesses the same advantage of preventing adherence of slag, 
scoria, or iron to the nozzle of the tuyere, which is the only object to be gained by the use of 
copper or its alloys in' preference to iron. Additional precautions as to water supply have to be 
taken where such metol is used ; as, owing to the low temperature at which it melts, a copper 
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tuyere may be more rapidly destroyed than an iron tuyere where any overheating is possible, but 
under favourable conditions both gun-metal, copper, and phosphor-bronze tuyeres have been found 
verj durable, and the advantage gained by keeping the blast nozzle always clean and fully open, is 
an important one. 

The open spray tuyere invented by F. H. Lloyd, consists of two concentric conical tubes, closed 
at the nozzle but open at the roar end. The supply is connected in the usual manner with a flexible 
hose, and various systems of spray pipes are used to suit various shapes of tuyeres and various 
conditions of water supply. 

The number and position of the tuyere holes very much depend upon the size of the cupola, 
. the quality of coke, and the nature of the pig to be employed. 

For some small cupolas only one tuyere is used, which is placed at the back of the cupola, 
about 15 in. above the bottom. According as the diameter of the cupola is increased, so must the 
number of tuyeres be increased around it, in the same horizontal plane, so as to generate a uniform 
heat at all points in the furnace. If the cupola is of a comparatively small diameter, several tiers 
of tuyere holes should be arranged, one above the other, 8 or 10 in. apart, so that if it is required to 
melt a large quantity of iron at once, the tuyeres can be raised from the lowest range of tuyere 
holes to the range next above it, tlio first range being plugged with fireclay ; when the iron is 
melted to the level of the second range, it is also stopped up, and the next higher put in operation. 
But the process is much simplified hy having a cupola of large diameder, capable of holding a 
considerable quantity of liquid iron, with but a small rise in height inside. There is then no 
necessity for more than two or three tiers of tuyere holes. Of course, those observations do not 
apply to cupolas furnished with a belt. 

Assuming a cupola to be capable of yielding 2 Ions of liquid iron an hour, when in good blast, 
with one shift of the tuyeres, and that a 10-ton casting is required, the process would be as follows ; 
The first 2 tons would be tapped and run into the ladle, when the tapping hole would bo closed, 
and hlnst again put on. The metal in the ladle would be covered with about an inch of charcoal 
dust ; at the end of the hour the second tapping would take place, anti melting again be resumed, 
until the five successive tappings had been taken from the cupola, and the Indie contained the 
required quantity of 10 tons of iron, of a sufiiciently high temperature and liquidity for large 
castings. For although the first metal that is tapped is somewhat cooled by contact with the cold 
ladle, and has to remain in it for upwards of four hours, yet each successive tapping is of a higher 
temperature than the preceding one, as the cupola gets hotter the longer it is at work, and the 
metal in the ladle is therefore maintained at a suflicioiitly high temperature. 

If still larger castings are required, the metal can be accumulated in this way in ladles from 
two or more large cupolas, without the inconveniences of the shifting tuyeres, and the dangers 
arising from the pressure of great heads of motal necessarily incurred with cupolas of small 
diameter. There is, how-cver, a limit of time in this intermittent process. In the first place, the 
metal must not be kept too long in the ladle before pouring ; and in the next place, slag will 
accumulate in the cupula, and the yield of liquid iron an hour will be considerably decreased. 

The air main from the fan to the cupola is provided with one or two upright cast-iron pipes, 
which may either lead into another pipe surrounding the cupola, or bo connected directly to the 
tuyeres. 

In arranging the air main from the fan to the cupolas, by-pass valves should be so arranged 
that the blast can bo shut off from any one cupola at any moment, without interfering with the 
supply of blast going to the others. In some forms of those furnaces provided with a belt, moans 
are provided for separating the blast of the upper or lower row of tuyeres, or again from any par- 
ticular pair of tuyeres, at wll. 

One of the most important modem modifications in the construction of the cupola has been 
the introduction of the failing hinged trap-door. Fig. 1254, to allow of the whole contents to bo 
dropped into a pit beneath the cupola after tapping ; by this arrangement the cupola is much 
more easily and quickly emptied tlian by the old and fatiguing process of raking out. When this 
can be adopted, that is, when there is the power to have a clear gangway left beneath tlio range of 
cupolas, it is necessary to pay great attention to the proper arrangement and strength of the 
supports. 

A brick tunnel for the blast pipes should be built behind the cupolas, the back and fronts 
carried on strong brick piers, with a vaulted brick passage passing directly under the cupohis, 
leaving the central portion of the bottom of each cupola quite free. Light iron trucks running on 
rails laid in this passage will l>e brought under any cupola that is to be emptied, will receive its 
load of coko and slag, and will he run away to the pit, where its contents will be emptied and 
quenched, preferably by a hose and jet, so as to avoid unnecessarily saturating the coke, as is done 
when it is bodily cast into water troughs to be cooled, and when the coke is again used, the whole 
of that water has to be evaporated. 

The mode of forming the trap-door is to build the brick lining of tbe cupoja so that it rests upon 
a strong flanged iron ring, which is supported by cast-iron columns resting on the brick piers. The 
central circular apeiture, as largo as the interior of the cupola left by this ring, is cdosed by a 
wroiight-iron trapdoor hinged to the back of the cupola, and secured in its place by bolts, which 
can be easily drawn by a sharp blow, so as to let tlie trap fall vertically, when tlie whole of the 
contents of fho cupola will be received in the trucks beneath. 

The trap, being left open, allows a current of cold air to pass up through the cupola and 
chimney, so that in the course of about twelve hours the lining has cooled down sufficiently to 
allow the men to repair it, and put in a fresh bottom of loamy sand. 

In places where this system cannot be adopted, and the raking out of the cupola from the 
front, on the old plan, is to bo used, the breast opening should be left about 2 ft. square, to 
closed by a falling apron of wrought Iron, having a small opening left at its lower edge for the 
4 or 5 in. wide by 6 or 7 in. high. 
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When the cupola is to be charged, the apron is left full open ; firewood and coke m charged 
into the cupola and ignited, and when the coke is well alight, a quantity of loamy sand is shovelled 
into the breast opening until it is quite full, and is tightly rammed in ; the apron is tlien brought 
down forcibly through the superfluous sand, or the apron may be closed before the fire is lit, and 
the furnaoeman, when putting in the sand bottom, must also fill up the breast opening with 
tlie same material, solidly to the iron apron, and to the full thickness of the brick lining of the 
cupola. 

In either case care must be taken to preserve the tapping hole open, which must be on the level 
of the shoot outside. The tapping hole is, of course, placed so as to come within the orifice left on 
the breast opening. 

When the metal commences to flow, the tap hole is closed in the usual way. When it is desired 
to take out cinder and slag from the cupola, after tapping, the apron is removed, and part of the 
sand breast broken away, and the furnace easily cleared within. 

In charging coke into the cupola, a wide steed fork, with about eight round tines or prongs, will 
be found more convenient and economical than the common shovel generally used, as the coke 
will be less broken, whilst the breeze and dirt will not be thrown into the cupola as with the shovel. 
In cases where the coke is very friable, or has had to bear much carriage, the percentage of 
breeze becomes a material element in the cost of fuel ; if thrown into the cupola much of it is 
immediately blown away, whilst any dirt put in with it of course represents so much the more slag 
to bo dealt with. The breeze, if kept clean, can be ground into cokc-dust to be used by the 
moulders. 

Supposing the cupola to be cool, but in good working order as to lining and tuyeres, the falling 
iron door at the bottom, if the cupola is provided with one, must be closed, and securely fastened 
in its place, and well covered with sand ; moulding sand is used when only a small quantity of 
iron is to be smelted ; if a largo quantity of melted metal is requircid, a more refractory sana is 
desirable. A wood fire is then lit in the cupola, upon which coke, coal, or charcoal is placed, the 
tap hole being left open to supply air to support the combustion, the tuyeres being .also left open. 
The cupola is then filled with fuel, whicli is kept in brisk combustion. It requires several hours to 
heat the furnace for blast, which is not laid on until the flame appears on the top of the fuel. 
When the furnace is thoroughly heated, the nozzles are put in, and the fan, or blower, is put to 
work. Before putting on the blast, however, the large tap hole must be closed with moulding 
sand, or good fire proof clay and sand mixed, leaving a small hole at the bottom, which serves as 
the tap hole for tlie iron. This should be a^ut 2 in. diameter, and is formed by placing a tapered 
iron bar in the place where the hole is to be, ramming the sand tightly around it, and removing it 
as soon as the hole is properly and securely moulded. When the blast is put on it will drive a 
flame through the tap hole, as well as out of the top of the cupola. The tap hole is left open to 
dry the fresh loam and sand, and also so that its sides may be glazed or vitrified by the heat, so 
as to resist the friction of the tapping bar; the heat also serves to glaze the lining of the cupola in 
those parts which have been mended with fireclay since the last smelting. 

When the cupola is intended to hold a largo quantity of iron, the large tapping hole should be 
covered with an iron plate, securely fastened to the iron casing, leaving only the small tap hole 
open. 

Charging with iron is commenced as soon as the lower parts of the furnace show a white heat, 
which is best known by the colour of the flame issuing from the tap hole, it being at first a light blue, 
but afterwards becoming of a whitish colour. About ten minutes after charging the iron, the melted 
metal appears at the tap hole, which must then be closed by a stopper made of loam, which bss 
been worked by hand to a proper consistence ; a round ball of this is placed on a disc of iron at the 
end of a wooden rod, and is forced into the tap hole ; this is also done when it is wished to slop a 
tapping out with the bott or bod stick, as it is called, but is then a more difficult operation, as 
the molten iron frequently squirts out past the bott stick whilst the men are trying to apply 
the plug. 

Pig iron is broken into pieces of from 10 in. to 15 in. in length before it is charged into the 
cupola. This is a very laborious operation, especially in the case of tough pig iron. The first 
breaking is generally accomplished by throwing the pig down heavily upon a piece of old iron 
fixed in tlie ground, after which it is broken up still smaller with a sledge-hammer. This work is 
now very often performed by an adaptation of Blake’s, or some other, stone crusher. 

From 10 lb. to 12 lb. of fuel are charged for every 100 lb. of iron ; but this quantity varies, 
depending much upon the nature of the fuel, of the iron to be melted, and upon the size and con- 
struction of the ou^la. Along with the coke and iron, limestone must be put in, broken up into 
pieces about 2 in. cube, or oyster-shells, in Quantities varying from 2 to 6 per cent., aooordmg to 
the nature of the fuel and iron. Too much limestone, as well as too little, causes the iron to 
become white, to lose some of its carbon, and, in many cases, its strength and softness are greatly 
impaired. 

The limestone, when used, is commonly introduced into the cupola after the first charge of 
metal. It is intended to act as a flux, and combine with any earthy matters that may be present 
in the metal and coke. With these it forms a glassy compound, and, by this means, the iron is 
freed from such impurities as it falls to the bottom. The slag, as it is termed, floats on the surface 
of the iron collected at the bottom, and frequently makes its appearance at the tuyeres in a solid 
state. 

The cupola should be kept full whilst in blast, or at least so long as iron is melted, by alternate 
charges of iron, fuel, and limestone. Fuel is generally put on first, then iron, and, lastly, the 
limestone, and the charging continued without intermission, until all the iron required at that 
time is melted, when the charges are stopped. The blast is, however, kept on until all the iron 
has been tapped. As a matter of experience it has been found that the interior form of a furnace 
greatly affects the condition of the metal, and thus inflaenoes its applicability to certain usee ; thus, 
• 2 e 
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cupolas which are larger in diameter at the bottom than at the top, work hotter than those with 
parallel sides, and also last longer, as the melted iron, which is apt to cut the firebrick, then sinks 
more through the materials in the body of the cupola than it does in cupolas with parallel sides. 
The amount of taper to be given to the lining depends upon the size of the cupola ; a large one 
will bear more taper than a narrow one. 

If it is intended to melt differmit qualities of iron in the same heat, a thick layer of fuel should 
be placed between the various brands, so us to allow of the extraction of all the iron which was 
first charged, before the second appears at the bottom. In such cases it is pri-ferablo to first melt 
the grey iron, or that iron which is to make soft castings, and white or linrd iron afterwards. 

When as much iron is melted as is requirc'd, tlie clay plug of the tap hole is pierct d by a sharp 
steel-pointed bar, or iron r(jd driven by a nammer, and the metal run into pots, or it is run directly 
into the mould by means of gutters moulded in the sand of the floor. Between each suecessive 
tapping of the iron the tap hole is closed, and more iron is allowed to accumulate in the bottom of 
tho cupola. 

Where more iron than tho furnace will hold is required for one casting, a portion of it is poured 
into a large ladle, which is kept until another charge is ready, and this process, as before remarked, 
may be so managed as to obtain good-sized castings from a small cupola. 

Less coke is consumed when the fusion is pushed more rapidly to collect a greater quantity of 
metal for heavy casting, as the iron required Asides is not so hot as for smaller castings. About 
one-half more coke, on the contrary, is consumed in nu-lting metol for hollow ware and ornamental 
work, as these thin, straggling castings require metal at a much higher degree of heat than the 
larger; and were such metal suffered to remain long in the bottom of the furnace, it would run a 
risk of getting too cold to afford sharp impressions of tho moulds. 

The greatest source of waste, however, occurs when iron is taken from the same furnace at one 
time for light, thin goods, and for heavy work. For as iron l)ocome8 loss fluid tlie low«‘r its 
temperature falls, it may bo at first at such a temperature as will be suitable for the fonnor kind 
of goods, while iron at a much lower one would be suitable for heavier oasis. We may observe 
that when iron is drawn kw hot for such a purpose as the latter, it must be allowed to cool before 
being poured, and the cooling is quickened by the introduction of scraps into tho melted muss. 

Of course in largo foundries economy in coke is important, especially as the less fuel can bo 
used the quicker the metal oomos down. It must be noticed, however, timt if the percentage of 
the fuel is too much reduced, the furnace will scaffold. 

The quantity of coke consumed depends not only upon the quality of the coke itself, but also 
of the iron to be melted. Thus No. 1 hematite or cold-blubt iron requires much more coke than 
Scotch or Cleveland. Anthracite coke, which is harder and denser than any other coke, requires a 
stronger pressure of blast for its efteotive combustion, and in such cases a blower is to be preferred 
to a fan, as giving a stronger and more effective blast. For example, a cupola has been known 
to melt 1 ton of iron with 126 lb. anthracite coke ; the iron consisting of No. 1 Scotch, No. I 
hematite, and old cast scrap in equal proportions, the blast given by a 24-in. diameter Shiele’s fan 
running at 1700 r<^ volutions a minute. ^ 

It is absolutely necessary that the furnace should be kept in good repair, so as to preserve its 
shape, and the charges sliould also be made level and uniform in thickness as well as being carefully 
weighed. Every care in this respect must be insisted upon, as it is absurd to expect anytliing but 
wasteful results unless each charge bears its proper relation to the preceding, which can on*iy be 
the case by constantly using the weighing machine. 

In country works there are times when a small quantity of metal only is required to bo melted 
much below the usual burden of the cupola, and if for this small cast of metal it is necessary to 
work through with a full charge for the cupola, much fuel is unnecessarily burnt,, and much 
time lost. One remedy for this evil, as practised in France, consists in building a cupola rather 
large in diameter, and lining it inside with damp, loamy sand, rammed hard into place round a 
number of wooden cores, wliich are afterwards removed. This arrangement gives the power of 
varying the internal capacity and shape of the cuiwla to a large extent, at a comparatively small 
cost, and with no very great delay. ^ 

The great advantage of the reverberatory or air furnace is, that it may be easily applied to a 
variety of different uses, with slight modifications in construction. The reverberatory and tho 
crucible make the strongest, closest, and safest castings, whereas castings from a cupola are the 
weakest, except those which are obtained direct from the blast furnace. 

Although the cupola has of late years almost entirely superseded reverberatory furnaces, there 
ore several points in favour of the latter, which must not bo lost sight of. The cupola is undoubtedly 
the cheaper and more generally convenient form of furnace, but where it is wished to turn oii 
specially good work, and to obtain a perfectly fluid and uniform metal, the reverberatory furnace is 
preferable. The deoxidating flame of the reverberatory is supposed to improve the pig iron by 
adding somewhat to the amount of combined carbon it contains, whereas tho cupola as usually 
worked, with an excess of air, is an oxidizing furnace. ’ ^ 

In two other respects the reverberatory presents advantages over the cupola ; by it it is possible 
to melt a given quality of cast iron more absolutely free from change in its constituents, mS^ular 
or chemical ; and if the pig iron contains a large proportion of sulphur, it otm be freed from a great 
deal of this by prolonging tlie time the metal is exposed, after fusion, in the reverberatory to a 
slightly oxidizing flame. This latter action is however seldom of any practical utility for pig iron 
that contains much sulphur makes very indifferent castings, and the desulphuration is'soimiSrfect 
and unreliable, that it is usually far cheaper and more certain in working to obtain a good pig iron 
at the outset. ® ® 

The following are generally circumstances under which it may be considered advisable to use 
the reverberatory furnace in preference to the cupola ; — 

Wlien there ore no means for obtaining sufficient blast for a cupola ; when it is necessary to melt 
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down such large masses of metal as cannot be managed in the cupola ; when it is required to bring 
a given pig iron, by deoxidation, to its highest point of tensile resistance, as for gun founding ; and 
when it is necessary to erect a foundry under circumstances where a cupola with blast could not be 
built or worked ; as, for example, in a loneJy colony, a besieged town, or such other exceptional 
conditions. 

Under most other circumstances the cupola is to bo preferred, as the reverberatory is neither 
economical in metal nor fuel, except where the operations are constantly going on from day to day 
on a' very large scale, and where good bituminous coal fuel is cheap. 

The making of patterns is a trade in itself, and into the bench details of this trade it is not our 
purpose to enter. 

Wood is almost universally employed as a material for patterns, pine or deal and mahogany 
being the kinds chiefly used. Of these pine is the most useful, in consequence of its uniformity of 
substance, freedom from knots, clean and easy working, and abundance. Yellow or white pine is 
particularly good for long and nearly flat work ; it does not warp much, is not likely to split, and 
is light to handle. It has a fine grain, and is left smooth after the tool. It should not be roughly 
used, however ; being soft, it is easily injured by a blow or a fall, and will be injured if placed in 
situations where it is likely to be subjected to such contingencies. 

Tiiero are several ivoods which, although adapted for patterns, are still, from their tendency to 
split, only to be used with caution, notably teak and greenheaxt. Patterns made of sycamore, 
maple, box, and elm, generally require to be varnished or painted before being placed in sand ; 
otherwise, however dry and smooth they may be, they may not draw cleanly from tne mould. 

No largo foundry should be without sufiiclcnt stock of seasoned wood for patterns, nor without 
a properly constructed drying room for desiccating such timber. In a foundry nothing is more 
wasteful than the employment of half-seasoned wck^, when the patterns are to be of any {lermanent 
value. 

Timber is seasoned by being exposed freely to the air in a dry place, protected if possible from 
the sunshine and high winds. The timber is stacked so as to allow of the free circulation of air 
amongst it, and should be slightly raisc^d from the ground on stone or iron bearers. If the timber 
is allowed to remain in water for a fortniglit, the subsequent seasoning and drying is more rapid. 

Time is the best seasoner of timber: but space and other economical conbiderations usually 
cause foimdors to abridge the time by artificial seasoning. This is often done by piling the sawn 
planks into racks, provided over the boilers of the engine which drives the machinery of 
engineering works. In largo works it is much safer to have a proper oven or desiccating kiln 
especially made for the timber, and heat by the waste heat from some boiler or fire. When the 
wood is quite dry, it is best stacked in racks horizontally in the open air, but under cover from rain. 

Large patterns when quite done with should be taken to pieces, and the more useful portions of 
timber they contain cleaned and stacked for use again. Those patterns which are to be preserved 
for future use should be stored in an orderly manner, exposed to the open air, but roofed over to 
keep them dry. 

Wheel patterns occupy a great deal of room, for they must be stacked upon the flat over each 
other in piles, only bearing upon each other at the eyes of the wheels. They should be placed on 
the ground floor, which should be boarded ; and in a large millwright establishment, where spur 
and bevel wheel patterns of 10 or 15 ft. diameter are not uncommon, a light overhead traveller 
would with advantage be so arranged as to pick out any pattern from any part of the room. 

The upper floor answers well for all other classes of patterns. The iron and the brass or gun- 
metal work patterns are usually classified distinctly. But in marine engine and locomotive work, 
it will always be best to place the whole of the patterns for the parts of eacli engine together, 
whether they be for iron or for brass. Drawings to full size on boards, templates, gauges, and the 
like for such work, are best also deposited adjacent to and in order with the patterns. 

Some woods rapidly imbibe the moisture from sand and adbero so firmly to the face of tlio 
mould, that they cannot be withdrawn cleanly and smoothly from it. As a precaution against these 
defects in the wood, and also as a preservative for the patterns, they are usually coated with 
varnish, or oil paint, and their surfaces made smooth and glossy. There is nothing better/ for 
this purpose than a moderately hard-drying oil paint, black-leaded over when dry. When only one 
or two castings are required from a pattern, especially if it should be of an ornamental and 
delicate oharaoter, a coating of black-lead and beer mav bo applied directly to the naked wood. 

Pattern makers mix with their glue some good thin-drying linseed *oil, in the proportion of 
about one of oil to four of water. The oil is added to the glue and well stirred in whilst hot. This 
glue is scarcely nflected by moisture, and makes a strong, sound joint, although it does not set 
bard and glossy, like ordinary glue. 

Some patterns, made of rather hard wood, such as dry mahogany, will deliver very well if coated 
with copal varnish. Weak shellac varnish is also a good protection. 

In patterns for maohinery, the parts to be got up bright should be painted of a different colour 
to the remainder of the pattern, then extra care in moulding may be exercised to prevent specks or 
other defects at these pomts. It is also a good plan to colour core prints differently to other portions 
of patterns. 

When a pattern is nearly all composed of one material, it is by no means difiQcult to estimate 
the weight of the casting for which it is intended. A reference to the table of specific gravities, 
and a snort rule-of-three sum, suffice to give the approximate weight of the casting in any desired 
metal, if the weight of the pattern is known. If of a simple form, its cubical contents, multiplied 
by the weight of a cubic inch, or cubic foot of the metal, will give the weight of metal required for 
the casting ; and this is generally the more reliable plan, as it is quite unaffected by differences in 
the specific gravities of the materials used in the pattern. It is always neoessary to make a good 
allowance for the excess of metal in the rising heads, gaits or eats, and the like. 

When a pattern ip made up of several different materials, and is of a form not easily to be 

2 s 2 



628 


pouNDma 


measured for its oubioal contents, the usual plan is to weigh each of its component parts before they 
are finally adjosted in position, and the weight of the ham wood, iron bolts and straps, being noted 
down, the weight of metal required can be arrived at. 


Table I. — Appboximatb Weights op Castings, 


A Pattern Weighing 1 lb. 

Will weigh when Cast in 

Cast Iron. | 

Zino. 

Copper. 

Yellow Brass. 

Qun Metal. 


lb. 

lb. 

lb. 

lb. 

lb. 

Mahogany 

8 

8 

10 

9*8 

10 

White Pine 

14 

14*5 

18 

17*5 

17*8 

Yellow Pine 

13 

12*6 

16 

15*5 

16 

Cedar 

11*5 

11-4 

14*5 

14 

14*5 

Maple 

10 

9*8 

12-5 

12 

12*4 


Papier-m&chd, or plaster of Paris, should always be black>lcaded, over thin hard oil paint. Cast- 
iron patterns should be rusted by any solution which increases the tendency of the metal to 
oxidize. Sal-ammoniac, dilute hydrochloric aci<l, or common salt in water, answers the purpose. 
The rust must be completely got off by the scratch brush of wire, before the black-lead is 
applied. 

All metallic patterns are much improved in their delivery by being finely black-leaded. Prior 
to the application of the plumbago, the surface of brass or gun-metal patterns should be roughened, 
by leaving them wetted with a solution of sal-ammoniac. Zinc, solder, or type metal, or other 
such soft alloys, will take the black-lead at once, if the surface be free from grease or dirt. 

To preserve iron patterns from rusting, and to make them deliver more efisily, they should be 
allowed to get slightly rusty ; next, they should be warmed sufficiently to moll beeswax, which is 
then rubbed all over them, and nearly removed ; they are then to be polished with a hard brush 
when cold. 

Cast iron, brass, zinc, plumber’s solder, gun-metal and type-metal are frequently used, whilst 
cements, plaster of Paris, wax, terra-cotta, papier-mache, and gloss, are occasionally employed in 
pattern making. 

Many common works, such as plates, gratings, and parts of ordinary fire-stoves are made to 
written dimensions, without a pattern, as a few slips of wood to represent the margin of the casting, 
are arranged for the time upon a flat body of sand, which is modelled up almost entirely by hand. 

The pattern is a model of which the casting is to be the copy, but an intermediate stage is 
necessary, namely, the mould, which represents in hollows the projections which must appear on 
the finished casting. Each of these articles, namely the pattern, the mould, and the casting, is 
generally made in different materials, each of which is subject to certain alterations in size and 
shape, dependent upon the degree of heat to which it may be exposed, or upon changes in dryness 
or moisture. Thus, from the original design or drawing a pattern is made, most frequently in 
wood, which is then transferred to the mould ; this varies in materials according to tlio nature of 
the work into which finally the molten metal is poured. 

In view of these circumstances, and certain known properties of materials at different tempera- 
tures, allowances have to be made for shrinkage, from which it follows that patterns have to 
be made difiering materially from the size and shape of the casting which is to be produced. There 
are several elements of c-omplication ; thus, as there must be a slight clearance allowed for removing 
the pattern from the mould in which it is enveloped, the hollow of the mould has to* be slightly 
larger than the pattern. The casting itself contracts in cooling to an extent which is pretty well, 
but by no meuns accurately, ascertained, and for which a regular allowance is made. Tfjus, in 
large, heavy iron castings, in. is allowed to every foot of length in the pattern, which is found in 
practice sufficient to allow for the contraction of the metal on cooling, combined as it is with the 
slight increase in the size of the mould over the pattern. In small castings, ^ in. to 1 ft., or 
about 1 per cent, is sufficient. The contraction in malleable cast iron is fully in. to the foot. 

The following remarks upon this point are taken, with the accompanying table, from Thomas 
Box’s ‘ Treatise on Heat* ; — 

“ The contraction which metals experience in cooling down from their melting points to ordinary 
temperatures is very considerable, amounting to about 1 in. with a straight bar of cast iron 8 ft. 
long, or with a copper bar 5 ft. long. Allowance has therefore to be made for contraction in fixing 
the sizes of the pattern.** 

Table II. gives the results of practical observations on this subject, and is very simplo in 
application. Thus, a cast-iron girder, 20 ft. long, must have a pattern 1246 x 20 = 2*492 in. 
longer than itself, but a pattern 20 ft. long would give a casting *1236 x 20 = 2*472 in. shorter 
than itself. 

For practical purposes ^ in. to 1 ft. for cast iron, i in. for gun-metal, | in. for copper, and i for 
zinc may be ta^en as sufficient approximations. 

The contraction of wheels is anomalous, as is shown by Table III. The irregularities in the 
apparent contraction arise in part from the practice of rapping the pattern in the sand, to ma^e it 
an easy fit and enable it to be drawn out with facility. This is most influential in its results with 
small, heavy wheels of great width of face. In some cases, and in rough hands, the casting of a 
small and heavy pinion may be quite the full size of the pattern. The allowance to be made is 
therefore not uniform, but must be fixed with judgment. In large wheels, where the effect of 
rapping is comparatively small, in. to 1 ft. may be taken safely. A wheel is not so free to 
contract as a straight bar, and in any case its contraction will be less. ^ 
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Table II. — Ooktbaotion of Metalb in OAaTiNa (Box.) 






Contraction 




Length of Pattern. 


A Foot 






Of Pattern. 

Of Casting. 


Oast dron girder .. 

ft. 

21 

in. 

8i 


•1236 

•1246 



16 

9 

2*55 

•1225 

•1236 


Gun-metal bar 

5 

4* 

1*0 

•18568 

•1886 

Maximum. 


5 

7« 

•936 

•1653 

•1676 



5 

7ii 

•97 

•1713 

•1737 

, , 


6 

Oi 

1-0 

*1616 

•1684 

, , 


5 


•92 

•1671 

•1695 



5 


•90 

•1635 

•1657 



5 


•88 

•1598 

•1620 

, , 

»» »» • • 

5 

6iV 

•84 

•1526 

•1545 

Minimum. 

♦* »» •• 

. 

,, 

•1607 

•1632 

Mean of 8. 

C(»pper and tin ; — | 







copper, 1*3; tin,> 

5 

6* 

•895 

*1623 

•1645 

Maximum. 

10 ) 







• 9 ff t* " 

5 

6A 

8*80 

•1595 

•1617 


9) *9 •( * * 

5 

6A 

8-80 

•1595 

•1617 


99 99 »• •• 

5 

6* 

8-85 

•1550 

•1570 

Minimum. 

• 9 99 99 * * 

5 

6A 

. , 

•1591 

•1612 

Mean of 4. 

Yellow brass .. 

2 

91- 

•5 

•1811 

•1839 

, , 

Copper 

7 m 

1*54 

•1948 

•1980 

Minimum. 

„ • . . . . . 

7 


1-465 

*1972 

•2005 

, , 

„ . . . . . . 

7 


, , 

•1972 

•2005 

Maximum. 

,f . . . a . . 

, 


, , 

•1964 

•1996 

Mean of 4. 

Lead (mould) . . 

Zinc cast in iron . . 

2 

0 

•21 

•1050 

•1059 


2 

0* 

•455 

•2257 

•2.301 

Minimum. 

91 99 •• 

2 


•465 

•2307 

•2352 

Maximum. 

99 99 • • 

• 

•• 

•2282 

•2326 

Mean of 2. 


The amount of clearance to bo left in the mould is much larger in hand-made green-sand 
moulds, and also with large and heavy patterns, or those which are diihcult to draw, than in 
machine-made moulds, where the difference in size between the pattern and the casting, need be 
little more than sufficient to make up for the contraction of the metal on cooling. 

There being so many elements of complication, it would be impossible to give any absolute 
rules or formula), sufficiently simple for an ordinary skilled workman to easily understand and 
remember, in the haste of every-day practice, when nearly every separate x>a>ttem that has to be 
made brings into play different conditions requiring special arrangements. 


Table III. — Contkaction in CASTina Spur Wheels in Cast Iron (Box.) 


Extreme 
Diameter of 
Wheel Casting. 

Pitch in Inches. 

Width of Teeth 
in Inches. 

Contraction 

Total in Inches. 

A Foot 

Of Casting. 

Of Pattern. 

ft. in. 



• 

inches 

inches 

10 2J 

H 

12 

1-08 


•1040 

6 2* 

H 

9 

•54 



6 If 

H 

11 

•375 


Ti[ 

5 5* 


11 

•346 



2 IH 

H 

12 

•11 

•03896 


2 4Ht 

H 

9 

•115 

•0397 



One of the most important points upon which success depends is the allowance to bo made for 
contraction, the extent of which, as before mentioned, varies with the shape, size, and material of 
the casting. The allowance is nearly always made by the workmen in the dimensions of length only, 
although undoubtedly a similar contraction of the metal takes place, to a somewhat smaller extent, 
in the other dimensions of the casting. In the majority of cases, where the casting is a complete 
article in itself, perfect accuracy is not imperative. When, however, the casting, is intended to be 
fixed together with other portions to form an engine, for instance, it is necessary that it should be 
true in shape and dimensions, and free from flaws and air holes. In cases where many castings have 
to be made from the same mould, the first should be carefully examined, and any little errors can 
then be rectified in the mould before again pouring. 

In dry sand or lo^ moulds this trimming can be managed to a nicety ; where they are too 
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Black, by laying on Bncoessive coats of clay and blackwash; and where they are too tight, by 
carefully nibbing away some of the sand or loam. 

When numerous articles are required to be alike, a metal casting is frequently used as the 
pattern, as being more durable than wood. In this case a wooden pattern is first made, in which 
there is an allowance for what is called the double shrink, that is, the contraction of the metal 

g uttern from the wooden pattern, and the contraction of the ultimate casting from the mould which 
as been formed upon the metal pattern. 

The shrinkage sideways and endways of a casting 4 in. or less in size, is compensated for by 
the shake in the sand given by the moulder to tlie pattern, in order to extract it from the mould. 
In very small castings requiting to be of correct size, allowance should be made in the pattern for 
the shake of the pattern in the sand sideways, say about A in. less than the length r^uired. 

In extensive works many forms of wood-working machines, specially adapted for this class of work, 
are used. A useful adjunct also is a steam glue oven. It can be aminged in various ways. The 
pressure these ovens should staud is GO lb. to 1 in. without leakage, but the steam chamber must be 
tested considerably beyond this. 

Detached letters and numerals, made in malleable cast iron, are also of great service ; they can 
be readily bent cold to fit any curve. The sizes up to 2 in. high commonly have short spikes cast 
in the back, so that they may be fastened readily on to wood patterns of any description. The 
largf^r sizes have countersunk holes for screws. 

The principal materials used in the various branches of moulding are, sand of various kinds, 
clay, blackening, coal-dust, and cow-hair. 

The material of which the mould is constructed must allow of the passage of air and gases, 
which are generated within it at the time of pouring, but must also bo of a sufficiently compact 
nature to resist the pressure of the liquid metal, and to prevent its exuding through the pores. It 
must be capable of bearing the v^ry high temperature at which iron is poured, without being 
affected by it, and it must not be of a nature likely to sot up any chemical action with the molten 
metal. It must be easy to part from the casting, and must give a clean, smooth surface to it. 

Sand is superior to all other substances as a material for forming moulds generally. The hot 
metal has no chemical action upon it, and it acts well as a conducting medium for the air expelled 
from the mould, and for the gases generated by the action of the heat. And it possesses con- 
siderable adhesiveness when rammed together, sufficient, indeed, to make it retain its form 
against the pressure of the melted iron ; and, moreover, it is easily made to conform itself very 
liccurately to the surface of the pattern imbedded in it. 

The higher the temperature of the metal to be cast, the more difficult it becomes to comply with 
the necessary conditions in the sand. Cast iron is poured at a higher temperature than most other 
metals which are cast, except steel, the moulds for which are prepared in a special manner. 

The locality of many an important foundry has been determined by the proximity of suitable 
moulding sand in large quantities. 

The sand of the Loudon basin is among the finest in England. It is universally employed in 
the manufacture of fine goods, as grates, fenders, and the like. The sand in the neighbourhood of 
Falkirk is coarser and more open in the pores, which unfits it for such work. It is employed for 
casting hollow ware. The Belfast sand is finer than tbut from Falkirk, and is used principally for 
fine machinery castings. It is also sometimes used for facing the moulds of ornamental work, to give 
a fine surface. It is, besides, excellent for hollow moulding, when it is mixed with the Falkirk 
sand. Derbyshire, Shropshire, Lancashire, and Cheshire, and various places in Europe and the 
United States, produce excellent sands. 

One great desideratum is, that these sands should not be liable to what is called burning, in 
use, when they will only do duty once with any safety. This defect arises from the crystals in the 
sand not being sufficiently refractory to stand a high temperature, owing to which they break up into 
fine dust, which, if wetted and used again, will set in a close and compact mass, and spoil tlie casting. 

Parting sand should be of a lighter colour than the moulding sand, and should be clean, fine 
grained, and of uniform texture, free from salt and chalky matters. Red brick-dust, fresh freo 
sand, or blast furnace cinder, finely pounded, may be used. In any case, the substance used must 
be one wiiich does not retain moisture. Green-sand moulds are faced with oak-charcoal dust 
ground to an impalpable powder. Dry sand or loam moulds are faced with wood-charcoal dust 
grcuiid to powder, or with a blackwasli consisting of coal-dust mixed with water. 

Moulding sand is always mixed damp, with a. proportion of coal or charcoal dust ; ground 
bituminous, or rich, hard splint-coal, being preferred. Where wood fires are employed, the soot 
from their flues is occasionally employed for this purpose. 

The proportion of ctirbonaceous matter to the sand varies, and depends partly upon the quality 
of the sand itself, and partly upon the uses to which it is to be applied. One part coal to 10 of 
sand, and 1 part coal to 1 5 sand, are about the maximum and minimum proporthms for the sand 
Hoot of the moulding shop. In facing sands, the variations range over a large field ; from 1 in 10 
to 1 ill 20 may be considered the maximum and minimum proportions. 

Every time the sand is employed, that jiortion of the coal-dust in it which is contiguous to the 
casting undergoes a chemical change, which is called being burnt, by the moulder, consequently 
frequent additions of fresh coal-dust to the sand are necessary. For this purpose the sand should bo 
damped, and dug over, and allowed to get cool, and then the new coal-dust must be well mixed in 
with it. 

Blackening and coal-dust are employed to resist the penetrating action of the iron on the sand. 
Blackening is simply charred oak-wood ground to powder. Oak charcoal is superior to all other 
ordinary wood charcoals for the purpose, as it is the heaviest. Other wood charcoals ore apt to 
become disengaged from the surface of the mould to which they are applied, and to float in the 
iron while liquid, which of course defeats the object of their use. Ground plumbago forma a good 
blackening for high-class work. ^ 
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Oak charcoal beinff expenBire, many attempts have been made to substitute other materials for 
blackening ; none of tliese have been very much employed except carbonized peat. A method of 
treating peat for this purpose was described by O. E. Hall in a paper read before the Society 
of Engineers in 1876, and it was then stated that peat blackening had been used for light and 
heavy castings and cores, with marked success. 

In large castings, the blackwash on the face of the mould should be proportionately thicker than 
for small ones, to allow for the longer continuance of high temperature to which it is exposed, but 
even this precaution will be of little avail if the moulding sand is not of a very refractory nature. 

For castings, where the temperature of the metal is likely to exceed that of melted cast iron, it 
is advisable to make a special facing of quartz and lefractory fireclay. An infusible facing sand 
is made of the siliceous ganister and fireclay wash ; dry and screen, then add coal-dust, ground 
charcoal, or plumbago. 

After sand, loam is the founder's great material. As with fireclays, a chemical analysis of all 
loams and clays should be obtained, before any large purchases of these materials are made. 
An experienced moulder will generally be able to form a pretty correct judgment as to the qualities 
of these articles, testing them by observing their plnslieity or capacity for taking and retaining 
impressions. The clay generally used is cither calcareous or ferruginous; when it contains a 
considerable proportion of sand, the mixture is called loam. At a red heat these substances part 
with their combined water; most of the chalky clays fuse at the melting point of cast iron, 
nr become vitrified. The ferruginous clays, or such as contain alumina and silica, are more refractory. 
Pyrites and limestone are objectionable in clay or loam, and flinty pebbles should also be removed 
before the clay is ground in the mill. 

The clay should not be allowed to get hard and dry in the store or stack, as it is much more 
difficult to get it to a proper consistency afterwards. Lime and alkalies are to be avoided, and any 
clay containing more than about 5 per cent, of carbonate of lime should be rejected. 

Clays wliich do not contain any sand require to have some ground in and mixed with them ; and 
nearly every clay requires a certain proportion of sand to be added to it when ground up. 

For giving the necessary porosity to loam, a number of substances are added to it. Amongst them 
may be mentioned |)Owdor€xl coal and coke, horse-dung, straw, chaff, plasterers' hair, bran, and 
chopped tow ; the material employed must not be cut or ground up too fine, or it will lose sorno of 
its ninding power, and it must be uniformly mixed throughout the mass of the loam. Those 
aubstanoes are only added to that part of the loam intended to be used for the body of the mould, 
and not to tlie loam which is used for finishing the face of the mould. The loam mill has, there- 
fore, two functions to perform, namely, grinding and mixing. 

An ordinary mortar-mill is generally used for the purpose, but there are several modifications in 
detail, which are of advantage for loam-grinding purposes. 

A greater portion of tlio mixing of the materials used for fine work is done by hand, and this is 
especially the cose with facing sands, which a careful moulder superintends himself. 

Loam is usually wetted with cold water when in the null, but in the winter it is found 
advantageous to use warm water for this purpose, or to blow waste steam over it from a jet pipe, as 
it not only facilitates the grinding and mixing, but considerably assists the moulder in his work; as 
he must handle the loam, if it is mixed wdth water only just above freezing point, his hands get so 
benumbed as to seriously hinder his operations, besides causing him unnecessary pain and incon- 
venience. Of course by the time the loam is delivered into the moulding shop, it will have lost a 
considerable portion of its heat, yet it can be readily delivered at a temperature of between 
and 70® F., beyond which it is not necessary or advisable to go, as at much higher temperatures the 
loam loses some of its cobesiveuess. 

If tbe loam has to left in the open all night during frosty weather, it should Im 3 covered with 
coarse matting or bagging to prevent its freezing, which, however, it is much less liable to do if it 
has been mix^ with warm water. In cases whore a foundry possesses its own clay pit, the clay 
is frequently weathered by being cut up and exposed to the action of tJie winter’s frost, until it is 
required to bo ground and mixed ; this somewhat facilitates the latter operation. 

Where unbaked clay-bricks are required for loam moulding, dies may be prepared of various 
sizes and forms likely to be useful, as a stock of these bricks saves the moulder's time in cutting 
and trimming his moulds. 

The power of conducting heat is considerably loss in red-hot iron than in copper and brass, and 
therefore the moulds for the latter require to be in a drier condition than those which may be used 
for iron. Ironfoundors* monlds are therefore more moist, and the sand they use is coarser and 
more porous than that of the brassfounder. 

Moulds made of metal are frequently employed for casting tin, lead, pewter, zinc, and types. 
Brass or brt»nze moulds are generally preferred for such pur|X)ses to iron moulds, as they do not 
corrode, and retain a better polish. Such moulds are constructed on the same principle as sand 
moulds. If a metal mould is divided into several parts, each part slioiild bo provided with a long 
handle to protect the hands from the heat of tlie mould. All the parts must be accurately fitted 
together, and kept in position by means of lugs and pins, or by wedges. Gently lieat the moulS 
before pouring metal into it; this is especially necessary w'hen existing metals having’ a low 
melting point, as they have not much heat to part with between the molting pfdut and the tempera- 
ture of solidification. Polish the mould after each cast, and rub over with a rag and oil or tallow 
so as to slightly grease the face of the mould. Sometimes a film of sandurach, beaten up with the 
white of egg, is applied, particularly for alloys. For single metals oil or fat is preferable. 

Some few objects are cast in open moulds, so that the upper surface of the fluid metal assumes 
the horizontal position the same as other liquids. As a general rule, however, the metals are ca^t 
in close moulds, so that it becomes necessary to provide one or more apertures or gates for pouring 
in the metal, and other apertures to allow for the escape of the air displaced and the gases gene- 
rated by the inflowing metal. 
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When these moulds are made of metal, they must, except for chill castings, be heated suffi- 
ciently so as not to chill or solidify the fluid metal too hastily ; and when moulds are made of 
earthy matters, although moisture is required in their formation, it must all, or nearly all, be 
eva^rated out before they are filled with molten metal, or explosions of steam will occur. 

Moulds consisting partly of loam or sand and partly of metal are frequently employed. Small 
wheels, bushes for cart-wheels, and the like, receive their bore by being cast over an iron or steel 
core. Such a core iron is a little tapered, to admit of its being freed from the casting by a smart 
blow of the hammer. 

The casting must not be allowed to cool down entirely before the core is removed. It is 
generally removed when the casting is hut, but so far coolea as to resist the drawing out of the 
core iron. 

In processes of green-sand and dry-sand moulding, boxes or flasks, Figs. 1257 to 1260, are always 
employed, the purpose of which is to contain the sand in which the pattern is moulded. These boxes 

1267. 



125S. 

are, for convenience, of various sizes. If there is a great or constant demand for castings of cme form, 
boxes are made expressly for them, corresponding in form. By this plan a saving of labour is effected, 
as the ramming up of useless corners is avoided. For general purposes boxes are made rectangular] 
and in two halves. These Ixixes have neither top nor bottom, but each half-box, or, more correctly, 
each box, is composed of an outside rectangular frame a 6, which is generally 3, 4, or 5 in. deep, for 
the lighter flat moulding. They have transverse ribs joining the opposite sides at equal distances of 


125a 




1260. 

^ in. between them. The rougher these boxes can be made the better ; they hold the sand more 
effectually, and accordingly, in casting the boxes themselves, the patterns for them are simply laid 
in the sand on the ground, and after being rammed are drawn out. There is no blackening used for 
the surfaces of the moulding, and thus the iron enters the pores of the sand and roughens. 

As there is no covering for the mould, it being exposed to the air, this mode of casting is called 
open sand casting ; the exposed surface, however, is very irregular and rough ; this method is used 
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only for moulding boxes, where the roughness is a virtue, and for articles of a coarse nature. Wooden 
boxes or flasks are also in use, but not cominouly in large works. In these nails are made to pro- 
ject inside to increase the adhesion of the sand, and the same plan has been applied to iron boxes, 
but it is not a good one. 

The ribs of the upper boxes are not so deep as the outside frame. They are generally an inch less 
deep to allow a depth of sund over the pattern that is imbedded in the sand of the lower box. The 
frame of this box, calle d the drag-box, is the same as that of the upper, but the ribs are mucli shorter 
and thicker, as it is not required to be moved about and iiivertetl like the upper one ; besides, it allows 
a much more available depth of space for the moulding of the pattern. As the lifting and shifting 
of these boxes, when small, is usually managed by two men, they have two snugs or handles at each 
end, seen in the figures, by which they ore held. They have also usually three hooks and eyes n », 
Fig. 12G0, and three pins and holds to receive them, arranged alternately along the sides, there 
being two on either side and one over the other. The pins are fixed on ears ddd^ cast on tho sides 
of tho drag-box, and pass through holes made in ears in the upper box, which correspond, so that 
tho boxes, in being placed together, must always have the same relative position. These pins are 
often chilled to make them more durable, and one made square while the others are round, which 
ensures accuracy of position. The hooks and eyes hold the boxes tightly together for the casting. 

Figs. 1261 to 1272 represent the different kinds of tools employoa by flat moulders in the execu- 
tion of their work. Fig. 1261 is the trowel, the instrument in most frequent use. There are various 

1261. 1262. 



sizes of it used, from one-fourth to 2 in. broad in the blade, and 3 in. long generally. The purpose 
of the trowel is to clean away and smooth down the surface of the sand, to press down and polish 
the blackening, repair injured parts of the moulding, and so on. Fig. 1262 is another form of trowel 
of a heart shape. It is particularly employed for entering acute angles iu a moulding, into which 
the square trowel evidently cannot go. Fig. 1264 is another form of tool for managing hollow im- 


1263. 1264. 1265. 



1266. 1267. 1268. 1269. 

pressions in tho sand. Fig. 1271 is the form of the sleeker and cleaner. As the trowel is applicable 
only to oiHjn, plain surfaces, this tool is used for cleaning and smoothing sunk surfaces in the sand 
which the ordinary trowel cannot reach, as the impression of a flange, or of any flat part of a pattern 
presented edgewise to tho sand. The upper end is applied to the sides of such an impiessioii for 
sleeking or smoothing it, and tho under end goes to the bottom, where it is used both for taking up 
loose sand lying there, and for pressing and smoothing down the surface. It is to be noticed, too, 
that the upper end is presented edgewise to the direction of the spade at the under end, so that when 
this is employed at the bottom of a deep recess, the upper end stands sideways to tho sides of the 
recess, and permits free motion. 

Fig. 1272 is the first rammer ; it is about 4 ft. 6 in. long, and its under face is about 2 in. by 1 in. 
Sometimes tho upper end, by being tapered off, is made to serve for forcing holes in the sand. 
Pig. 1270 is the second rammer, for finishing the work of the first. It is round in the face, about 

in. diameter, with a wooden shank of convenient length, 

Figs. 1263 to 1269 represent the forms of the cast-iron slookers employed in the operations of 
hollow moultog. Pigs. 1266 and 1267 are of the convex and concave sleekers for corresponding 
surfaces. Figs. 1268 and 1269 are tools with double piano surfaces at certain angles with each other. 
Of these there are a variety, having their planes at different angles, to suit the various salient and 
retreating angles that occur in mouldings. Fig. 1263 is a sleeker for the impressions of beads, and 
Fig. 1269 serves to smooth fiat surfaces generally. All these havo small studs attached to them 
which serve for handles. 

Besides these tools, shovels are used for working the sand, sieves and riddles for refining it, and 
bellows for blowing off loose sand from mouldings ; pots for holding the parting sand and the water 
used in moulding, swabs for applying this water to the mouldings, being simply tufts of tow brought to 
a point, and separate linen bags of peasemeal and blackening, through the texture of which these 
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materials are shaken on the sand. There are also jpieroers or prickeri^ as they are termed, l^ing 
pieces of thick iron wire sharpened at one end to a point, for piercing the sand to let oft* air, 
and steeples and chaplets, pieces of iron of various shapes, to support cores or other parts of the 
mould. Moulders* nails are used for the same purpose, and range from 2 in. to 6 in. long in the 
shank, with flat heads of various shapes and diameters ; a circular head f in. diameter, and one 
shaped like a parallelogram 2] in. bv 1^ in. being 

common extremes. The heads of tnese nails are 12 T 0 . I 2 n. 1272. 

oheii made on a curve, or concave, to adapt them 
for supporting circular pieces. 

The art of moulding may be divided into two 
^eat divisions ; sand moulding and loam mould- 
ing. In the first, patterns of the articles wanted 
are employed in forming the mould ; in tlie second, 
the ordinary patterns are dispensed with, the ob- 
jects of this division being heavy castings of a 
regular form ; as cylindrical bodies generally, and 
other circular ware, such as sugar pans and gas 
retorts. 

Large square vessels, water tanks, for example, 
may also be made by a process ot loam moulding. 

Dry-sand moulding is generally cmphiyod for the 
making of pities, columns, shafts, and other long 
bodies of cylindrical form. It is firmer, and better 
adapted to purpioses of this kind than green sand. 

Tlie material of dry sand is the loam already used 
in loam moulding, called pit sand, mixed in the mill 
with an addition of rock sand. It is named dry 
sand, in contradistinction to green sand, because, 
after being moulded, it must be dried by heat to 
fit it for the purpose, whereas the latter is employed 
as it comes from its native bod, new and damp; 
the dampness, indeed, is assisted afterwards when 
necessary, as a certain degree of it is always requi- 
site ; but it must not be wet, or* approach that 
condition. 

The operations of green-sand moulding are 
generally recognized under two great classes, hollow 
moulding and flat moulding. The former includes pots, frying-pans, and every other kind of cooking 
ware, of a light, dished form. The latter class is very extensive, and is so termed in opposition to 
hollow moulding, It includes all objects of a flat nature, plate-moulded goods, the various parts of 
grate furniture, and other ornamental work generally, stoves, smoothing irons, all kinds of machinery 
that do not fall under the head of loam or dxy-sand moulding, for instance, all the cast-iron w^ork of 
spinning and loom machinery. In fact, a kind of subdivision exists, known us job moulding, a 
homely term, including machinery generally and the heavier kind of work, distinguishing them 
from the ornamental and other lighter work. A steam engine alibrds in the parts of it examples of 
the three kinds of moulding. The steam cylinder and air pump which are round, and the condenser 
which is often square, are instances of loam castings ; the flywheel, shaft, and the single columns 
supporting the framing, are examples of dry-sand casting, and the beam, if a Cornish engine, bed 
plate, and connecting rod, if of cast iron, are referable to the heavier green-sand casting. 

Tlie front of an old-fashioned register grate is a familiar instance of light, flat moulding. Its 
construction is that of two jambs joined at the top by a cross piece. On the b^k, or inner surface, 
it is quite flat, and is ordinarily ornamented on the face with raised figures of flowers, or the like. 
A box is selected that will receive the pattern, and have a few inches to spare, that the pattern may 
be completely surrounded with sand. The pattern is then laid down, either on the surface of the 
sand, prepared in the upper box, and which is then termed the false part, whicli is lying inverted 
on the ground, or on a flat board of sufiicioiit size to support it in all parts. In either case the 
pattern is laid down on its back. There is next thrown over it a layer of fine sand an inch deep, 
CAmstituting the facing of the moulding. It is passed through a sieve to detain the coarser parts. 
Then upon the bo^ird, or upper box, the drag-box is placed in its proper position in respect to the 
pattern. 

It is necessary to spread the facing of sand before laying down the box, as its ribs prevent the 
equal distribution of sand. An additional quantity of the common sand is passed through a riddle, 
wliich saves the small stones and other refuse in the sand, and the wliole is now rammed down by 
the flat rammer as equally as possible. The box is again filled up with sand and rammed all over 
with the round-faced instrument. Wiien the sand is propeily set and squared flush with the surface 
of the drag-box, the whole is turned over, avoiding sudden shocks-of any kind, which tend to loosen 
the sand, and well bedded on the ground with the drag-box undermost. The upper box, or the 
board, as it may happen to be used, is lifted off, and the temporary bed of sand in it is destroyed. 
The upper surfaces in the drag-box, and of the pattern imbedded in it, are cleaned and smoothed 
by the trowel, so that the surface of the sand is made flush with that of the pattern all round, and 
also meets the edges of the box. This forms the parting, or place of separation of the sand in the 
two boxes ; and that they may afterwards separate properly, dry sea-sand is freely sprinkled over 
the parting surface, and has the eflect of preventing the adlicsion of the lower layer of sand to that 
which is superimposed, by entering and drying its pores. The upper box, whicn, when made up 
the second time, is called the cope, is now laid ou the other, guided by the^ins, and both are 
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fastened together by the hooks. In bringing them together tlieir meeting surfaces ought to be 
cleared of sand, so as to make them bear freely and st^dily. Preparations are now made for the 
construction of tlie gates, or passages for the iron from the external surface into the mould. In 
the moulding of a register grate front there are usually four gates, into which the iron is poured 
simultaneously. 

To provide for the gates to the moulding, four taper pins of wood are stuck in the sand of the 
lower box, at a short distance from the pattern, projecting upward between the ribs of the upper box. 
Sand is, as before, thrown into this box, covering the hat side of the pattern, and is rammed between 
the ribs until the box is filled fiush with itself. The pins are now withdrawn, and the holes formed 
by them are widened at the top into bell-mouths, to receive the iron more rapidly, and are well 
smoothed there to prevent the metal carrying in with it any loose sand. The upper box is now 
taken off with care, to preserve the impression of the upper side of the pattern, and the edges of the 
moulding of the box in contact with the pattern, are wetted with the swab to make tlie sand at 
these corners the firmer, and to prevent crumbling on withdrawing the patterns. The moulder has to 
repair damages by adjusting disjointed parts, and making up fractures by the addition of sand. The 
blackening has now to be applied, and it must be by some meatis pressed down upon the mould 
at every part, and made to adhere to its surface. To effect this, peasemeal is used. It is first dusted 
thinly over the surface of the mould. It rapidly absorbs the damp of the surface sand, and is con- 
verted into a pasty matter. The blackening is next dusted over the newly formed paste, and over 
all, the pattern is plHcedin its position and pressed down. Thus the blackening is made as smooth 
as the pattern, and is at the same time held well down to the sand. Channels are now scooped 
out of tbe surface of the sand, joining the gate holes to the moulding ; and if the pattern be thin, 
each channel is widened as it joins the mould, to afford a sufficient inlet for the iron. They are 
slightly swabbed round the mouth to strengthen the edges against the abrasive action of the iron. 

Having finished the mouMing, and got it in order for the reception of the iron, the upper box 
is finally put on the under one in its place, and fastened down upon it. All is now ready for the 
pouring of the iron. 

Before dismissing the subject of light moulding, one other example may be described, intro- 
ducing the use of three boxes tor a moulding. The instance referred to is the moulding of the cast- 
iron bushes, which are fixed into the naves of the wheels of waggons and othor vehicles, to sustain 
the wear of the axle. 

Fig. 1273 is an ordinary bush for cart-wheels. The dotted lines show the form of the interior, 
which is a tapered hole. At the middle of the length, a chamber is formed in the bush so as to 
surround the axle, its object is to contain tlio grease for lubrication. These bushes are always 
ciast in pairs, and the cores for them are cast-iron pins, having the form of the axles for which 
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they are intended. These pins, which serve for many successive castings, are turned and polished 
in the lathe, for the purpose of communicating a smooth surface to the interior of the bushes, 
by which the expense is avoided of boring them out, which would be necessary were sand cores 
employed. 

The pattern of the bush. Fig. 1275, is solid, and has, in addition, a core-print on each end to 
steady the core. Fig. 1276 shows the core extended at the ends in correspondence with the prints. 
Round the middle of its length a thickness of sandhis wrapped, to form the grease chamber in the 
bush. This part is made of sand, so as to be separable, aud thus allow the core pin to be driven 
out of the bush when cast. 

The box in which the bushes are cast consists, as already mentioned, of three parts. The length 
of the middle part is made the same as that of tho bushos, between the small end and the tops of 
the feathers. The parts are octagonal in plan, as in Figs. 1274 and 1278, where A is the top, B 
middle, O bottom. 

In proceeding to mould the pattern, a fiat board is laid down levol, with two h(des in it at a 
suitable distance from each other. Upon this board a pair of bush patterns are set down on their 
small ends, the points passing through tbe holes in the board to keep the pattern steady. The box 
B is inverted, laid down over them and filled with sand, which is rammed about the patterns 
level with the tops of the feathers on them. The box C is now fixed on and rammed with sand. 
Fig. 1277 is a sectional view of the boxes and their contents at tids stage of the process. 

The two boxes together are inverted and set down, the box A is fixed on the uncovered end of 
B, and it likewise is rammed flush with sand. Two holes are next pierced downwards in the sand 
with the handle ^ the rammer, one on each side of the patterns. One of them extends just tluough 
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the box A, and the other reaches down to the box C. A and B are lifted together off 0, and turned 
over ; the patterns loosened by tapping are next drawn out. A end B are then separated. Two 
piepared core pins are next set, as vertically as possible, into the recesses left by the prints in the 
sand of the lowest box ; on the surface of the sand, at each end of the box B, channels are cut 
joining the gate holes, made by the rammer to the two mouldings, in such a manner that the short 
gate will be connected with the upper end, and the long gate with the under end of the mouldings. 
B is lowered over the cores and tixed to C, being directed by long guide pins at tho side, A is 
next replaced, guided also by pins and fixed to B. It must be placed with care, as the upper ends 
of the cores are at the same time entering tho recesses made by the prints, and thus the cores are 
secured between the boxes A and 0. 

Fig. 1279 is an external view of the moulding as thus finished, with the interior arrangements 
in dotted lines. Fig. 1278 is a view of the upper and under ends of the middle box, showing the 

1277. 1278. 1279. 



gate channels. The iron is poured into the long gate, falling against tho bottom of it, tho force of 
the iron is broken, and it runs gently into the mouldings, rising within them till they are filled, 
when it passes into the short flow gate, as it is termed, from which it issues, carrying off the refuse 
it may have gathered in its passage. Blackening is not applied to these moulds, ns Their roughness 
id of no consequence. ® 

The gates for any casting, as we have said, are a matter for particular care. In the language of 
the shops, all tho passages leading the fluid metal into the mould are called gates, each of which 
however, has its own peculiar name, hence the large opening into which the metal is first poured is 
termed the pouring gate. The recess below, or in connection with the pouring gate, fi^r skimming 
the iron, is termed a skimming gate ; the little passages from the skimming gate to the mould are 
sprue gates, usually sprues only ; and those openings by which the supply of iron is kept up 
after the casting is poured, are called feeding gates. * 

The form, size, number, and proper arrangement of either or all of these, have a decided effect 
upon the soundness and cleanness of the ceksting to which they appertain, and should be arranged 
as to size and position with especial reference to the size, shape, and character of the work in 
hand. 

The distinct objects of hollow moulding are comparatively few in number and small in dimen- 
sions ; there are moulding boxes for them, individually of corresponding shape, generallv manage- 
able by one person. Boxes in two, three, or four parts are employed as the necessities of tho caso 
may require. Take, for example, the moulding of a three-legged pot, Figs. 1280 to 1283. The bofly 
of it is nearly spherical, drawn in at the nock and opening towards the brim. It has two ears at the 
neck, by which it is moved about when in use, and three feet on the Attorn. The pattern is an 
exact model of the pot, being in two halves separating vertically. The patterns of the feet and ears 
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are also loose on the body of the pattern, fitting to it by pins. To form an original pattern, the 

E lan usually adopted is that of moulding in loam. The rough cast patteni is chucked in the turning 
ithe, and turned within and without to the required form and thickness ; four longitudinal rows of 
small holes are bored through the pattern, at equal distances round it, by which its thickness at 
any part may be always ascertained. Having been smoothed and polished, the pattern is token 
from the chuck, and cut in two equal halves, in which holes are bored in the proper positions for 
receiving the pins of the ears and feet. The pattern is moulded in a box, consisting of fou 
the top A, the two chedcs B 0, and the bottom D. The division into parts is tlj^e rae as 
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the moulding box for axle bushes, supposing the mjiddle part divided vertically in two, corre- 
sponding with the cheeks B 0. The pattern being mould^ in an inverted position, the top A is 
made to enclose the bottom of the pot, as far up as its largest diameter; the cheeks B and C 
enclose tlie remaining portion of the pot, and the oottom D serves to close up the mouth of it. 

The two cheeks are first laid down on a level board and linked together ; the pattern is then 
laid down on its brim within the cheeks, being raised off the board by a slip of wood, of such a 
thickness as to bring the largest diameter of the pot to the level of the upper edges of the cheeks. 
The patterns of the ears are attached, and sand is rammed in round the pattern, flush with the 
ch(;ekB, making the parting surface on the centre of the pot. The surface having been sprinkled 
with parting sand, the top A is put on, led into its place by guide pins and fastened to the 
cheeks. Band is again rammed in to the level of the mouth of the pot, the patterns of the feet and 
the gate pin being set in their places in the course of the ramming of the sand, Fig. 1280. The 
whole is next inverted, and the board and slip of wood removed. The surface of sand round the 
brim of the pattern is smoothly sloped off to the edge of the box forming the parting surface, and 
the bottom D is fixed on. It is also filled with sand. The body or core of sand filling the inbirior 
of the pattern is pierced in several places with a pricker sent down to the pattern, forming thereby 
channels of escape for the air expelled by the metal introiluccd. The whole is finally inverted, U 
lying uppermost, and placed on a flat board with a hole in it to allow the escape of the air. The 
Sana outside the pattern is sometimes pricked, though this is but of little importance. 

The part A is now separated and lifted off, carrying the feet and pin with it. The cheeks B O 
are next separated horizontally, taking the oars with them ; and tlie half-patterns are withdrawn 
from the core. The external and internal moulds thus exposed are sletked up with appropriate 
tools, and blackening is dusted on them, and also sleeked up. The pattorns of the feet and ears, 
and the gate i)in arc drawn out, the boxes B C are replaced exactly as heforc, and the box A above 
them, the whole being again bound together. The mouth of the gate is next formed and smoothed. 
The space occupied by the pattern is now vacant for the metal. Fig. 1282 is an external view, and 
Fig. 1283 a section (»f the box and moulding. In the section are shown the parting surfaces, and 
the slope of the under one. 

All dished utensils are cast with their mouths downwards, and. in some cases the area of the 
mouth is so small, when compared with the largest diameter, as to render it necessary to bind down 
the core in the mouldings. For the iron lying so far in below the core, it tends by upward pressure 



to lift the core off from its base. This binding is effected by burying an iron rod in the core, 
having on it a cross at the end to give it a hold of the sand, the outer end being locked to a trans- 
verse piece which boars on the edges of the box. 

The metal requires to be at a high temperature for hollow moulding ; for so quickly does it cool, 
that the brim of a moderate-size pot sets even before the mould is filled. While yet red hot the 
casting is taken out of the sand, and the gate piece knocked off at a certain stage of the cooliug, as 
when this is done too soon the gate docs not break clearly off, and when delayed too long, it often 
carries off a piece of the bottom of the pot with it. With a view to provide against this, the pot 
is made considerably thicker at the centre of the bottom. Flat gates are formed for flat-l^tomed 
ware, frying-pans for example. They are wide at the mouth to receive the iron the better, but 
taper like a wedge toward •lie moulding, so as to be easily separated from the casting. By being of 
considorable extent, flat gates conduct the metal more speediV to the different parts of the mould. 

A great improvement was effected in this class of moulding by the arrangements introduced and 
employed by J. Jobson, before referred to at p. 1540 of this Dictionary, 

For heavy green-sand moulding, powilered coal is introduced in to* the sand, in a state of simple 
mixture, to assist the blackening in resisting the penetrating action of the iron. The proportioning 
of the mixture is a matter requiring considerable judgment, and to obtain tlie best result the 
ingredients should be mixed, not only in such proportions as are suited to the body of the metal to 
be oast, but also as uniformly as possible. 

For large castings, the bed of sand which forms the floor of the foundry is commonly used for 
constructing the moulds, serving thereby the purpose of the drag-box. The chief defect entailed 
by this method, which is indispensable in some cases, is that the moulder has to work in a very 
uncomfortable position. 

Fig. 1284 is an external view of the bed-plate, showing the upper surface, of an early form of 
high-pressure ennne, by no means a form to be imitated, but merely given here for illustration. 
It was arranged to maintain six columns, surmounted by an entablature* At one end, 6, a flat form 
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for supporting the cylinder is cast across the plate, stiffened by a deep flange at the edge. The 
position of the cylinaer is indicated by the dotted circle. When the cylinder was set in its place^ 
the apertures c c formed continuations of the exhaust steam passage, they were joined into one 
short branch pipe below the platform ; d is a circular passage for the introduction of the steam into 
the valve chest It is projected downwards to the level of the mouth of the eduction pipe, both 

1284. 




pi 


HI 


mm 








mSBI^KSmr. 


1285. 


passages terminating in one large flange, by which the respective pities leading to them are 
connected. 

Fig. 128G is a plan of part of the bed plate, including the steam- ways, showing in dotted lines the 
exhaust passage and the flange. Fig. 1287 is a vertical section of the plate and the exhaust passage 

at tlie line a' b\ Fig. 1286. The steam passage also is dotted in behind it. Fig. 1288 is another 

verticiil section of the same, at the line e c. Fig. 1286, showing in section l^th of the passages cd. 

Fig. 1289 is a plan of another portion of the plate, showing 
the foundation for a column ; Fig. 1290 being a vertical section 
of the same at the line a" Fig. 1289. It thus appears that the 
bod plate is hollow within, and it possesses the form of section. 

Fig. 1287 all round, interrupted only by the sockets for the feet 
of the columns. It is a general practice in founding, to dispose 
of the moulding so that those parts of the casting towards 
which the greater quantity of metal exists, may be undermost. 

In this way greater security is found for the soundness of castings 
at the more important parts. 

Now the bed plate is, for the most part, entirely open on the 
under side, as may be seen on referring to section, IMg. 1 287 ; 
and this is particularly the case iu modern examples. It ought 
therefore to be cast with that side uppermost, according to the 
preceding statement. 

The pattern of the bed plate, of the same form externally, is 
not made open like the bed on the under surface. Neither arc 
the oblong blank spaces, shown in the sides, executed in the 
pattern ; its cross section at every point is a four-sided figure. 

^is form of pattern in the sand will, of course, leave a plain 
open space of the same breadth os itself. Cores of sand, of the 
form of the internal void, must therefore be introduced into the 
moulding to complete the figure of the casting. Fig. 1291 ex- 12 ^ 7 . 

hibits the under side of the pattern. At a the patterns of the 

steam-wavs are placed. They are not fixed to the surface on which they stand, but are simply 
prevented from shifting laterally by small pins or snugs. They are made solid, so tW they too, 
like the plate itself, require to be cored out, and accordingly the prints for securing the cores 
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in their positions are added to the patterns of the flange, which itself is attached loosely to the 
pipe patterns. On the opposite|side of the main pattern, prints are likewise fastened, to receive 
the cores for the column sockets. Fig. 1290, and to the snugs to core out the holes in them. 

A level bed in the sand upon the floor, of sufficient extent, is in the first place prepared for the 








FOUNDING. 639 

pattern, which is then set down upon it atid well bedderl in its place. Sand is further laid in and 
rammed about tlie pattern on all sides, till it be brought up flush with the upper side, forming 
thereby the parting surface, on which the parting sand is strewed. 

The next stage is to lay the upper box or boxes over the patteni, and to fix them in their places 
by stakes of wood driven into the floor, which also serve as guides to replace them accurately w’hen 
moved. If there is not a single box large enough to embrace the whole of the pattern, two or more 
smaller boxes are placed end to end over it, resting upon the sand external to the moulding, and 
answering the purpose of a single box. The ramming of these is conducted in the usual manner, 
except at the end a. 

As the platform or cylinder plate is now on the under side of the pattern, the body of sand filling 
the space immediately above it, to the level of the upper side, must be lifted out to get the pattern 
removed. At tho same time, the weight of sucli a deep body of sand adhering to that in the over- 
lying box, would overcome the sand’s coliesion, it would break away altogether. As the box is 
therefore incapable of carrying it with it, it becomes necessary to have this load of sand supported 
by independent means. 

An iron frame is cast in open sand of the same form as the sunk space, but somewhat smaller, 
as allowance for the contraction of the casting, in the course of cooling, must be made to allow the 








plate to be withdrawn, after the casting is executed. In cases where this precaution has not been 
sufficiently attended to, the jamming of the plate, enclosed on more than one side, has been the 
natural result, and sometimes the destruction of the casting by consequent fracture. In the centre 
of the frame, a sufficient opening is allowed for the steam-ways. This frame is laid in the 
bottom of the recess, and as its under surface now faces the moulding, it must be enveloped on that 
side ill the sand, to protect it from tho immediate action of the metifil, afterwards poured into the 
mould. To assist its adhesion, the frame or plate is studded on the under side with numerous 
tooth-like projections, which are imbedded in tne sand applied. Sand is now thrown in above the 


cylinder bottom. With this preparation the upper boxes are set down and filled. 

There are prepared six moulding gates to the moulding, and eight flow ^tes. Of the pouring 
gates, or those by which the mouldiug is filled, two are placed along each side, about i ft. distant, 
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and two at the cylinder end of the moulding, while none are made at the other end. This unequal 
division is necessary on account of the heavier nature of the moulding at the cylinder end; 
the design of the whole being to have the moulding filled uniformly. The flow ^tes are die- 
tribut(>d equally over the moulding. These will be again referred to. 

Before lifting off the upper boxes, the pattern being now completely moulded, the latter is so 
far loosened in the sand, that this may not stick to it, and so 8]X)il the operation. 

After the box is removed, the plate and its overlying core of sand, ns it may be termed, deposited 
at the recess of the cylinder end of the pattern, are lifted out of their situations by arms rising 
through the core, carrying with them the pattern of the steam- ways, which is at liberty to go, for, 
as we have already noticed, it stands loose on the main pattern. That pattern itself is not in one 
piece ; the flange, which is separate, is lifted off towards the upper side of the core, and the remainder 
of the pattern is drawn out b^ the under side. 

The parts of the mould, in the neighbourhood of the pattern, must now bo pierced with small 
holes, executed by wires traversing the whole body of sand, with a view of rendering the moulding 
more porous, and of facilitating thereby the escape of the air and other gases ; the mould is also 
watered along the edges to increase the coherence of the sand. 

The pattern itself is taken out by lifting it in all its parts at once, by pins secured into it at 
several places, so as to be raised in a truly vertical position. This manoeuvre is performed by several 
men. Unavoidable degradations in one or other of the two parts of tho mould do occur, and these 
the workman repairs with damp sand by means of his trowel. 

The moulding is next smoothed over the surface by the trowel, and a sprinkling of charcoal is 
then applied. It is, however, omitted for very large castings. Sometimes also, in order to avoid 
using too much clmrcoal, the surfaces are lightly dusted over with sand finely pulverized, through 
a bag. ‘ The moulding is now ready for the reception of the cores. 

There are, first, the cores for the column sockets, of wliich there are six ; then the cores for the 
intermediate portions of the bed plate, of which also there are six, there being two on each side 
between tlie socket cores, and one at each end ; again two cores, for the holding down bolt-holes in 
the snugs at the bases of the columns, as well as for the holes that may be required for the bolting 
down of pedestals, and the like, to tho bed. For all these there are simple prints sprigged upon the 
pattern at the proper places, the impressions of which in the sand serve to hold the cores securely. 

As we have already remarked, the cores must be made not only of the exact size and shape of 
the vacancies in a casting, whether partial or thorough, which they are intended to form ; 
allowance must also be made on them for tho core prints when they are necessary. This allowance 
then is provided in the cores for the column sockets, for which there arc prints on the under side of 
the pattern. These sockets go through the bed, and are square in the body and round at each end. 
Figs. 1289 and 1290, and Fig. 1292, which is a plan of the moulding, showing the cores in their 
places. Fig. 1293 is a longitudinal section, taken through the steam-ways. In both figures fff 
18 the sand of the floor, iu which the moulding is formed, constituting the interior as well as the 
exterior of it ; bh are the cores of the column sockets, seen in dotted lines in the section ; c, d 
are the cores for the steam-ways which in Fig. 1293 are seen projecting in the sand, and below 
filling the recesses made for them by the prints. Figs. 1286 to 1288 explain the shape of them. 
They are formed in boxes, which open in two for the purpose of extracting them. Tlu'se, with 
all the other small cores, are dried upon hot plates, heated by stoves. At a and e e, the cores 
are shown, forming the spaces in the moulding intended to bo vacant Near the under side of 
each, in Fig. 1293, are the plates, indicated by dark lines, which sustain the cores. The whole, 
however, must be sustained by the bottom of the moulding, leaving a space of required thick- 
ness of the casting. This is effected by placing chaplets there ; these are simply strips of sheet 
iron of small lengths but with double knees, thus [. If the depth of these be just the thickness of 
the metal, then by placing several of them along the bed of the moulding, they support the cores 
placed over them, keeping the space clear for the metfil ; these chaplets will bo ira^dded iu the 
casting, where they are allowed to remain. Tho double-knee cores at both ends of the moulding, 
Fig. 1292, are put together, each in three pieces. In constructing the cores e c, plain square 
bodies of sand, of the dimensions of the interior of the easting, arc in the first place formed in boxes 
of the same size, including at the same time iron frames enveloped in the cores. The small cores 
that are necessary to the oblong openings in the sides of tho casting, are simply attached in their 
proper positions to the sides of the main cores e e. They are formed and fixed by applying upon 
the larger core an open box of the form required, into which the sand is packed, thus causing it to 
adhere to tho main core ; when the box is filled, the sand is squared off by a straight edge flush 
with the surface of it. All the other smaller cores having been made and set in their places, tho 
moulding is finally closed, the upper box being replaced, as seen in section • t. 

When convenient, two or more gates are connected to one central reservoir, all built on the 
surface of the sand. Gates at considerable distances from others are usually supplied separately 
with iron from hand ladles. The other gates that are connected are supplied by crane ladles, 
which are conveyed by cranes from the cupola to the moulding. The flow gates, while the metal 
is being poured, are plugged with clay balls* to keep down tho air in the moulding. These plugs 
are drawn out v^hen the moulding is filled and the iron flows up. It is thus judged whether the 
casting is complete. 

When the metal is poured, the feeders are immediately applied at the fl(»w gates. These are 
rods of iron which are plunged into the liquid iron, and wrought up and down in it. By this 
agitative process, the liquidity of the iron about the gates is of longer duration than otherwise 
maintained. It is therefore enabled to supply itself with additional iron from the flow gates. 

Amongst the great variety of work denominated green-sand moulding, much and varied con- 
trivance is displayed in the ^ructnre of the moulds. In jparticular, the management of cores is a 
matter of very considerable imj^rtance, and the malformation of them is a prolific source of failure 
in the production of sound eastings. 
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At Woolwich a modified form of plate moulding was much used in casting the sphorical shot 
and shell, in tho following manner ; — 

A round hole is made in a flat planed plate of iron about 2 in. in thickness. A solid ball is 
sed through this aperture, of corresponding diameter with the hole, until exactly a half of it can 
seen. Tho lower flask is then put on to the plate, and tho sand rammed in ; a lever is then 
taken away, and the ball at once falls by its own weight ; the lower flask is removed, and the 
upper put on the plate. The same operation is gone through with this also. 

Tho cores for filling up the centre of shell are very correctly made, and in very little time, at 
Woolwich. A lever opens and shuts the halves of the core mould, so that the plan sometimes 
resorted to of shaking and knocking the core mould is entirely done away with. 

Shells of the modern form are moulded in a somewhat similar way, but in a flask resembling 
Fig. 1274, care being taken to get good sound metal by pouring in the iron while liquid into small 
hand ladles, each of which has arranged over it a receptacle into which all scum rises; when 
required, the filled ladles are removed 
from under these receptacles, and the 
clean metal poured from them into the 
moulds, the metal from tho receptacles, 
amounting to at loast 25 per cent, of that 
employed, being returned to the cupola. 

Figs. 1294 to 1297 illustrate tho mould- 
ing of a common sheave, and also a manner 
of constructing patterns, when certain por- 
tions of a pattern enveloped in the sand, 
project horizontally beyond other parts 
which are above them. The circumference, 
it will bo observed, is grooved out semi- 
circularly at a, and a hole o is made 
through the centre. Tho object is now, to 
mould the pattern in such a manner as 
that the portion of sand forming the 
groove a may be left in its place when 
the pattern is drawn out. The pattern, 

Fig. 1295, must be formed in two halves, 
separated by the plane a' passing to the 
centre of the groove. These halves are 
prevented from shifting by pins n n, or this may also be effected by a button on tho centre of tiu^ 
one, fitting a recess in the other, as in the figure. There are also prints at oo, for supporting the 
core. 

Fig. 1296 represents, in section, the moulding of the pulley, dd and bb are tho boxes. Tho 
pattern is first bedded in the lower box, and a parting cc* formed from the under rim to the edge of 
the box. The ring of sand cc' e is, in tho next place, rammed about tho pattern, filling tho groove, 
and its upper parting surface c c is brought from the upper rim. Again, the upper box is plaoecl 
on tho other, and also filled. 

Tho ramming being now completed, and tho gate pin sot, tho box dd is lifted off, carrying with 
it the impression of tho upper side of tho pattern. Tho upper half of tho pattern being free, is 

1296. 





lifted away, and the box d d replaced. The whole is now inverted, and tho box bb is lifted off, 
thus permitting the remaining part of the pattern to be removed, which being done, and the 
moulding blackened and smoothed, and the core o set in, the box is replaced, and the two are finally 
reinverted. Tho annular core cd<? is never lifted from its situation during tho process, and when 
the two boxes are linked together, it is wedged in on every side, and thus all possibility of shifting 
is removed. 

When there may not be facilities for turning the patterns of pulleys of large diameter, the 
grooves are cored out in tlie moulding. For this purpose a core print running round the pattern is 
provided in the making, as in Fig. 1297, which is a section of a rim of a wheel supposed to be maile 
with arms. The print is indicate by tho dotted lines, and a core of the sectional form fgh is con* 
struoted in a core box for the purpose. As there are only two boxes for the moulding, the pattern 
is mostly imbedded injihe under one, the parting being formed on a level with the core print at /. 
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It 18 not necessary that the core be all one piece i it may, for convenience, be formed in several 

fluted pipe is another example. The core or interior of the pipe follows in form the exterior 
surface, the object being to make the pipe as light as possible, otherwise a round core might have 

been substituted. , . u r aj. 

Considering a cross section of the pipe pattern, three main divisions would suffice tor a pattern 
having a plain exterior. If the flutes are deep, subdivisions are necessary to render the moulding 
of it practicable. For the angles immediately 
adjoining the parting overhang, and therefore 
if the patterns wore drawn vertically out of the 
sand, they must break away the intervening 
portions of sand. Such parts of tlie imttora ^ 
require to be removed laterally, and for this 
purpose, each half is made in three divisions, 
dovetailed to one another, allowing the smaller 
pieces to slide off the larger. The core box 
is, like the pattern, parted in two. On the 
top of the upper half a loose piece, the length 

of the box, is provided, which being removed, the sand for the core may be introduced by the 
opening. 

The pattern having been moulded in the usual manner, one-half in each box, the middle piece 
of each half is first drawn out, when the smaller pieces may next be removed laterally to make way 
for the core. 

(.)n this principle of construction, in similar circumstances, patterns are generally made. 
Fitting strips, for example, when appli^ to the vertical face of a pattern, below the surface of the 
moulding, are attached to it by sliding dovetails. Coro prints are very often placed in sinrh 
circumstances, and, instead of being dovetailed to the pattern, are carried quite down to the plate, 
which is moulded in an inverted position; these continuations clear the way for the prints 
themselves, as the latter would otherwise break the moulding. After the cores are introduced, 
these temporary vacancies are filled up with the aid of smooth strips of wood, and the figure of 
the moulding restored. In general, core prints on vertical faces of patterns, are carried up to the 
parting surface, with the view of making their own passjige, which is afterwards closed over the core. 

A panelled octagon column or post presents a more complicated structure than the fluted 
pipe, and to render it workable in tlie sand, the panels are, each by itself, made separable from 
the lK)dy of tlie pattern, being attached to it by screw nails whicli are driven from the inside. The 
pattern is divided into two principal halvi'S. When it is moulded, the panels, of whicli there are 
four to each lialf, arc fixed on. When the parts of the box are separated, exposing each a half 
interior of the pattern, the sertiws are returned and withdrawn, thus leaving the frame of the 
pattern at liberty from the panels. It is next lifted out, and these being disengaged from the sand 
by tapping, are likewise taken out in order. In this way, a complete external moulding of the 
column is formed. The core, constructed upon a stout bar, is next inserted, and the box closed 
upon it. 

Of the use of plates in moulding, an example has already been given in Figs. 1284 to 1293. A 
different application will now be described in relation to the moulding of a lathe bed. Fig. 1298 
is an eii<l view of the bed; a a are the upper sliding surfaces overhanging the sides; these are 
connected and stiffened at several parts by deep flanges joining them. The surfaces a a, as they 
are the most important parts of the bed, are, according to the general rule, moulded undermost. 




Fig. 1299 is a section of the pattern and moulding. The parts a a are attached by loose pins to 
the rest of the pattern. The first step is to bed the pattern, in an inverted position, tlioroughly on 
tho floor, which is levelled and smoothed all about it. Plates 6 6, extending the whole leugtli of 
the pattern, are set along both sides of it, an inch or so apart, to support the sand exterior to the 
l)attern. A series of small rods, either of wood or iron, are placed on each plate. These rods over- 
hang it on the side next the pattern, from which, however, they must be at some distance. In this 
way the rods lorm a projecting platform, by which the sand that would overhang the plate is 
sustained. If of wood, the rods are dipped in clay water, that they may adhere to the suna. The 
moulding is made up with sand, flush with the pattern yrithin and without. The parting is formed 
and covered in by the upper box as usual, which being lifted off, and the pattern having been 
loosened, it is drawn out, leaving the loose pieces a a imbedded in tho three masses of sand nn o. 
The masses n w, resting on the plates, are raised and moved aside by handles which are cast upon 
tho plates and project upwards. Tlie pieces a a being thus relieved, arc edged out from below the 
sand 0 , and removed ; » n are replaced as before, guided by conical projections from the plates, and 
tho moulding is oovere<l by tho upper lx)x. 

Plates are also employed in the moulds of bevel-wheel paltorus, for lifting the bodies of sand 
sunk between the arms. Frequently, too, in niiscellaneous cases, where ^considerable depths of 
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Band ooctir in the upper part of the mould, slips of wood are planted vertically in the masses, 
reaching upwards between the ribs of the upper box, their object being to bind the whole body of 
sand the more firmly together. 

Dry-sand moulding embraces, generally, the manufacture of pipes, columns, shafts, and other 
long bodies of a cylindrical form, or approaching to it; the first is most important, for cast-iron pipes 
aro extensively used to convey water, gas, or air for various technical purposes. Dry sand acquires 
a very firm and open consistence by the expulsion of its humidity by heat, and it is found to be 
much better adapted to the purposes above-mentioned than green sand. 

The mechanical part of the process of moulding in dry saml is the same as in the case of gre(*n- 
sand work. In general, no coal powder is mixed. When the mouldings arc finished, they are 
transferred to drying stoves, in which they are exposed twelve hours or upwards, as occasion 
requires, to the action of a strong heat till their humidity is banished. 

When the castings are large, and especially if they are tall, the hydrostatic pressure of the metal 
upon the sides of the mould is counteracted, both by firmness of the sand and by the wodge-shapo 
form of the boxes. To aid the resistance, the sides are feathered along the outside, affording addi- 
tional abutting surface for the sand. 

Fig. 1300 is a side view of one-half of a moulding box for pipes, the other half, Fig. 1301, being 
an exact counterpart. In cross section it haS parallel sides, except for heavy eastings, wlieu a 
wedgci-shaped box is employed. It is formed with flanges along the sides, which meet tliosti of 


/3k . issv . 

— 




□ 


□ 

□ 



■ 

■ 

n 

11 


□ 









1301. 

the other box. By means of these flanges the two halves are bound together by glands. A pair 
of swivels is attached to the ends of each box, by which they are raised and inverted as occasion 
requires. Another pair is usually fixed on the middle of the sides, upon which, when the boxes are 
hung, they may turn in a direction perpendicular to the preceding, that they may be set vertically 
at tlieir destined position, which is commonly in a pit dug to rect ivo thorn. 

Pi |)0 moulds are always either set upright on one end, or laid in a ^silion very considerably 
inclined, on a lied of sand prepared for the boxes at an angle of 30° or 4r0°. When practi< able, the 
larger sizes of pipe moulds are placed in a vertical position, as well as all other comparatively tall 
articles ; the general object being to raise all the slag that collects on the surface of the iron, while 
being poured, clear of the cast into the gate-way, securing thereby soundness to the cast. 

In the constructing of pipe moulds, as well as the moulds of all other largo hollow articles, it is 
necessary that the core bo made both rigid and porous. Both of those objects are accomplished by 
employing a tube of iron, forming the centre of the core, and perforated at regular distances for the 
escape of the air. For the smallest sizes of cores, common ipis-pipes are used, with holes drilled in 
them at about 9 in. distance, ou alternate sides. Wronght-iron tubes of a larger size aro employed 
for larger pipes ; and for the largest sizes cast-iron pipes are adopted, 'with rows of oblong holes cut 
at equal distances for ventilation. These cast-iron core bars, the general appellation for all the 
varieties enumerated, have wrought-iron double knees, fitted and bolted to their extremities, for 
the purpt)se of sustaining journals or bearings, upon which they muy be turned on their own axes. 
The hollow ends of the wrought-iron pipes are formed square to receive a winch, by which they also 
may bo made to turn upon themselves. 

Again, a core bar for a pipe of any given inside diameter is selected 2 or 3 in. less in diameter, 
with the view of providing for hay-ropo and loam, by which the core is made up to the necessary 
thickness. The loam, which forms the external coat eff the core, is made as open as practicable by 
augmenting the usual proportion of sharp sand in its composition. , Tho hay, also, which is simply 
twisted into ropes to facilitate its application to the core, fulfils the important office of a conducting 
modium for the air forced through tho loam, leading it from all parts of the surface to the vent- 
holes in the core bar. The method of applying the hay and the loam is simple. The core bar is 
rested by its pivots on two iron tresses, the upper edges of which are formed with corresponding 
semicircular or triangular bearings, to receive the pivots. Thus placed, the core bar is caused to 
revolve by a crank handle applied at one extremity, during which operation tho rope is led on 
regularly along the bar from end to end, and fastened there. It must bo tightly done, as any 
slackness in the rope will permit it to yield when subjected to the pressure of the iron, which has the 
effect, at least, of altering the form of the pipe, if, ns in some cases, it does not breakup tho core and 
spoil the casting. Before finishing the core with loam, the hay receives a slight coating of it all 
over, as a cement to smooth down the surface. This being dried, for tho succeeding application of 
the loam, a loam board is necessary. This is a board of sufficient length to rest upon the ircssc*s 
which support the core. Along this board is laid the loam intended to form the core. The edge of 
the board is cut exactly to the form of the core, being indeed a half skeleton rcverseil. This board 
being set alongside the bar, and weighted do-wn at the extremities, at a distance of the half diameter 
of the pipe from the centre, it is evident that, as the core bar revolves and the loam is pushed over 
upon it. there will ultimately be formed a coating of loam completely enveloping the coat of hay. 
Which shall also possess tho figure of the core. 
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In this manner the oore is formed. Figs* 1302 to 1310 illustrate the prooess. Fig. 1802 is a 
longitudinal section of a pipe, in which the exterior and interior outlines are represented. The 
dotted lines at each end indicate the additions necessary in the pattern os oore prints. Fig. 1303 
represents the core as formed upon the bar, the oore being prolonged to be supported in its bearings 
formed by the pattern, though it matters not if it should ^ longer than necessary. Fig. 1306 repre- 

1303. 



sents the core bar with its pivots at the endi^ and the vent holes scattered over its surface. 
Fig. 1305 shows the loam ^ard employed in constructing the core of the pipe. It will be observed to 
fellow the outline of the core. Fig. 1304, in like manner, represents the loam board that would bo 
required to form the pipe itself. Fig. 1302, were there no wood pattern of it. In such a case 
an luhlitiunal coat of loam is run by means of it upon the core. In setting the board, the parts a a. 
Fig. 1804, will apply to the same parts a a. Fig. 1303, which, in so far, serve for a gauge. The 
misplacing of them is to bo guarded against, as there is not tho same security for their being 
correctly placed. Before receiving, however, tho additional thickness, the core must bo washed 
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over the surface with charc/)al and water, that the thickness may bo easily separable afterwards, 
and also thoionghly dried in the stove. In the meantime, having iinialied and dried the loam 
pattern, it receives in like manner n wash with charcoal water, and is ready to bo moulded. This 
being done in tho usual manner, tho thickness is peeled oflF, and the naked core replaced in the 
mould. To aid tho stiffness of tho core, steeples or moulders’ nails are planted here and there 
over the surface of the mould, which resist any undue tendency of the core on one side or another. 
Fig. 1307 is a cross section of the body of the core. There are three concentric plies, the inmost, 
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which is the core bar, with several vent boles in section, and the cross-knee at the end ; tho next 
the hay, and tho external coat is the loam. Fig. 1309 is a sketch of one of the iron tresses used in 
the work. 

All wood patterns of pipes are constructed in two halves, which have two or more pins in 
the one, entering corresponding rocesses In the other, to prevent their shifting when put together and 
moulded. In proceeding to mould a pipe, a laying-down board is usually employed, which is 
dmply a straight piece of wood as long and as wide as the moulding box. Upon this board one 
half of the pipe is laid with the flat side down, the box is placed over it, and rammed ; the 
whole is inverted and the board lifted off. The remaining half of the pipe is set upon the imbedded 
half, and the upper V)ox over it, and linked to tho under one ; the upper box being nimmed, the 
patterns are loosened, as wo have elsewhere described, and longitudinally also by blows upon 
the ends. The boxes being parted, tho patterns removed, and the moulding blaokwashed with 
blackening, tho core is set in and the box closed. Small pipes, when there ere several to l)e cast, 
are usually moulded in pairs in one box, when green sand is employed as a moulding material. The 
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metal is poured in at one entrance, which branches to each moulding ; shortly after which streams 
of aqueous vapour mixed with hy^gen and other gases, arising from the imperfect combustion of 
the chcurcoal and hay, are e^^elled from the extremities of the core bars, sometimes resolving them- 
selves into luminous jets. Soon after the metal is poured, the castings are turned out to cool ; after 
which the core bars are drawn from them, which is a comparatively easy task, as the hay has boon 
for the most part consumed, and of course occupies less bulk. Long narrow rods of iron are next 
introduced, with scrapers formed on the ends oi them, and they are drawn from end to end to clear 
thv. interior of the pipe of the remains of the core. 

In the moulding of the various lengths of pipe that are required for use, one pattern is made to 
answer. Pipe patterns are generally made 9 ft. long, of which an appropriate number of lengths are 
cast when more than 9 ft. of piping is requir^. But shorter lengths also are frequently wanted, 
when, of course, the full length of the pattern would not be proper. The moulding therefore is cut 
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to the required length ; in technical language, the pal tern is cut in the sand. In such a case some 
preparation is necessary to form a new bearing for the core. For this purpose, two semicircular 
pieces of wood, of the diameters of the mould and the core respectively, are sprigged together end 
to end, as in Fig. 1308 ; and by placing the larger piece in the mould in each box at corresponding 
parts, and ramming fresh sond about the former, the bearing will bo formed. In like manner, if 
the piece of pipe terminate in a flange, the flange having been moulded in its place, a half flange of 
the same dimensions, with a half core-print on it, as at Fig. 1310, is set into the mould, and the 
bearings for the core made up. Bmall perpendicular brsinchcs required to be made upon pipes are 
cast either horizontally or vertically, as bijst may suit the form of the box. In the latter case, 
the branch pattern is set loose upon the pip(S projecting upwards between the ribs of the box, 
and, having been moulded, it is drawn out, and its core sot in upou the pipe core, and the whole 
covert^ in. 

In arrangements of pipe works tliere is usually a number of knees or bends in their construc- 
tion. These bends are ordinarily cast separate from the straigiit portions of pipe, having facets 
upon them by which they may be afterwards joined to the pipes. Fig. 1311 is a longitudinal 
section of a square knee in a line of pipes, showing the method of junction by spigot and fticet. 
The term spigot, it may bo as well to observe, is applied to the small semicircular ring upon tho 
plain end of a pipe, as may be seen in Fig. 1302 ; facet denominates tho cup mouth on the other 
end for receiving tho spigot. There are usually patterns and core boxes for pipe bends of the usual 
square knee shape, iii which case they arc moulded in green sand. In the absenco of patterns, 
however, for those and for other varieties of short piping, they are swept up in loam, the core within 
tho thickness. 

In this process, tho first point is to have a level iron plate set, upon which tho work is to be 
done. Like patterns, tho loam work is to bo formed in two halves. Tho cores aro executed in 
tho first place, and, when dried, tho thicknesses forming the exterior of tho casting are next laid 
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on. Fig. 1313 represents tho gauge usually employed in forming small pipe work. As already said, 
the work is done in separate halves, for which purpose semicircular cuts are made in the gauge, 
of which one is smidler than the other, being respectively the measures of the core, and of the 
additional thickness. 

For example, suppose a bend, Fig. 1311, is to be constructed, a small square rod of iron is bent to 
the form of the knee, a|;ainst and along the side of which the gauge is moved. A quantity of loam 
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being laid on the plate in the lino of the pipe to be formed, the gauge in its progress fashioning the loam 
to its own form. When the two half cores are in this manner swept up, they are well dried and 
black washoih after which the gauge is inverted, and additional loam oeing laid on for thickness, it 
is likewise shaped to the form of the pipe. The junction of the body of the pipe and facet, which 
are of different diameters, and of course require different swoops, is scraped out by a file when the 
loam is dried; the head on the end of the facet is either formed by a pattern applied to the 
moulding, or cut out; of tlie cope. 

The loam pattern being thus completed in two halves, dried and blackened, it is bound together 
at two or three places by iron wire, aud bedded half into a sufficient quantity of old loam mixed 
with water and laid over the iron plate. The boundary of the loam is built up with fragments 
of cake loam. The bed being smoothed off on each side and dried, a layer of the same watered 
lofim is applied to cover in the upper half of the pattern. As this upper layer has afterwards to be 
lifted whole, it requires to be .strengthened by the addition of irons. With this view, pieces of rod 
iron, accommodated to the form of the moulding, are laid on among tho wet loam transversely and 
longitudinally, and bound together by wires at the angles, constituting a kind of skeleton frame- 
work, Fig. 1314, for the cope, as it is termed, or upper structure. The irons are then covered in 
with old loam, which is smoothed over them, and the whole is for tho last time thoroughly dried. 

The building of tho work being now completed, the next step is to undo it to clear out the thick- 
ness. The cope is lifted off carefully, leaving the rest of the work behind it, and this cx)mpleto sepa- 
ration of tho parts is one object for which the blackening and charcoal water is applied. In the same 
way the pattern is lifted out from the bed of the moulding. The thickness is easily broken off the 
core, leaving the latter entire ; the halves of which are next bound by wire, and replaced in the mould, 
stayed by bearings at tho ends, and hy steeples intermediately. Tlie cope is replaced, guided to its 
former situation by intentional irregularities on the junction surface, and is bound by wires laying 
liold of the skeleton, to the under plate. The gate is formed in the usual manner by a pin stuck in 
the cope w’hile being formed. 

For some small pii)es, such as bends, which are uniformly circular, circular iron plates are 
frequently made to the same centre on both sides, so that when the cores arc swept up on &em, they 
lie concentric with each other. Tlie edges of the plate will therefore serve for guides in tho making 
of the core. For this purpose the gauges are made as in Fig. 1312, having a piece of wood nailed 
on and projecting downwards. By sliding this gauge along the interior or exterior edge, as it may 
be adapted for them, the pipe is formed as before. The manner of moulding and casting columns 
of every variety, and other long hollow work, is essentially the same as that now described for 
pipes. 

Cast iron, bronze, or steel guns are moulded in tho way just described. Patterns of wood are not 
often employed, as it is worth while to construct iron patterns, which, when turned and polished in the 
lathe, always preserve their figure and turn out good moulds. 

As it is desirable to have these iron patterns as light as possible, consistent with the straining to 
which tliey may be subjected, they are made hollow throughout. It is then tho business of the 
moulder, in tlie first place, to form a hay-aiid-loam pattern in a manner similar to that in which pipe 
patterns of loam are made. 

As it is of great importance to secure solidity to gun-castings, they are made without bore, and 
with an additional length on the muzzle end, which is provided for in the pattern. When the mould 
is formed and set on end in readiness for being cast, tho metal is poured into it, slowly at first, 
increasing in flow as the mould is filled to the top, which is left open. Into this additional i>ortion, 
then, all tlie sullagc rises that is collected during the course of tho pouring, leaving the body of the 
gun«>ca8ting generally in a pure state. The moulding sand adhere.s very firmly to tho casting, and 
requires to be knocked off by hammer and chisel afterwards in the course of dressing. 

Guns were formerly nearly all cast, and their manufacture formed a large feature in the mould- 
ing business ; tlie introduction of built-up wrought-iron guns has, however, changed all this, and 
ordnance is nut cast as it used to be. 
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Figs. 1315 to 1318 illustrate the useof cores and core prints. Fig. 1315 is supi^sed to be a 
coupling for sbafting of a cylindrical form, 12 in. deep by Sin. diameter outside and 4 in. inside. 
A x>aitorn. Fig. 1310, of the same size is constructed, and two prints, D apd £, are put on in the 
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proper positions to support the core ; this is made of sand in a box, Fig. 1317, which is simply two 
thick pieces of wood, a and 6, held together by wooden pins. Square cores are formed by two slips 
of wood, a and 6, Fig. 1318, of the required thickness, and kept apart at the ends by two pieces, 
c d, forming, by filling the spaces within with sand, the core required, thus, by means of distinct 
cores formed by boxes, holes and recesses of every kind are made in castings, if they are not already 
formed in the pattern. 

Every piece of loam moulding, of atiy considerable extent, is a regularly built structure, being 
composed of bricks, arranged in layers, and bedded in loam, in which they are also entirely enve- 
loped, particularly on those sides contiguous to the mould. 

For all varieties of circular bodies, or such as may be described round one axis, a wooden board 
is cut on one edge to the exact form of the object, being, in fact, a half skeleton of its outline. If 
the body be cored out, a board must also be provided, cut to the form of the interior space. A central 
spindle is erected, which is to represent the centre of the body to bo moulded ; to this spindle 
one or more arms ore screwed, provided with glands, by which the loam board, as it is termed, 
is set at the proper radial distance from the centre, and firmly fixed to it. 

Large iron pans used in soda, sugar, and other chemical manufactures, are amongst the most 
familiar examples of loam moulding, and instructive specimens of this kind of work. 

Fig. 1319 is a general view of a mould for a common-shaped sugar pan. The pan is moulded 
and cast in an inverted position, similar to the Irish pots already described. A cast-iron ring a' a\ 
Fig. 132.^, is levelled upon blocks, which raise it on the floor of the foundry, and is placed con- 
centric with a spindle h\ which stands upright, being placed at the under end in a cast-iron step 
sunk in the floor, and stayed at the upper end in a bush on the end of a bracket c\ wliich 



projects from the wall, and turns horizontally upon pivots. The spindle thus stayed is free to 
move round in both directions. To prevent the bracket from moving on its pivots, it is linked 
by the extremity to the wall, A forked arm d is fixed upon the spindle by an eye at one end, 
tightened by a pinching screw. Betweim the branches of this arm the loam board e is set, and 
fixed by glands in the required position. 

Fig. 1.320 rej^resents the outlines to which loam boards arc cut ; obo is the figure of the interior 
surface of the pan, b d being th<) axis. A board e is, in the first place, cut to the semi-outline of 
the interior ,* and further, has an additional check o, which turns out a corresponding knee in the 
mould, the objwt of which is to support the overlying part of the mould on its horizontal surface, and 
to act afterwards, by its vertical surface, as a guide in replacing the mould. Another board/, is in 
the same way cut to the external figure of the i)an, with a check precisely similar to the one in the 
board e, and tlius it will act as a guide in setting the second board. 

1321. 1322. 



Fig. 1321 is a vertical section of the work in the first stage of its progress. Upon the ring a a a 
kind of dome is, in the first place, built of bricks and loam, generally some 4 in. thick. The 
moulder is guided in the construction of this <lorao by the interior loam board, sustained by the 
spindle. The external surface ought to be everywhere about 2 in. distant from the surface described 
by the board ce. Before building up the dome to the crown, coals are placed in the floor within it, 
which are afterwards kindled for drying the work, TJie crown is then nearly completed, leaving 
only a small space round the spindle, to allow of ventilation when the comoustion is going on. 
By this aperture the moulder is enabled to manage liis fire, so as to check its progress, if ueces- 
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sary. The oonsumptlon ought to bo Tory slow, bo as to allow of the hoat taking effect upon the 
entire maes. 

Over the brick dome a p^ty layer of core loam o' o' is applied; for it is in fact the core that is 
now being formed. The sunaoe is finished off by a smoothing coating of wet loam, the redundancies 
all over the surface being swept off by the board in its revolution. Upon this surface the insido 
of the pan is cast. The fire is now 
kindled, and as the surface of the 
mould becomes dry, it is painted 
over by a bru^ with a mixture of 
water and charcoal powder, with a 
little clay additional. This operation 
prevents adhesion between the sur- 
faces of the core and the coat of 
loam applied to it. 

The core board having been re- 
moved, it is replaced, as in Fig. 1322, 
by the thickness board /, Fig. 1320, 
of which the edge describes the 
external surface of the pan, and, as 
already remarked, simply rubs 
against the knee formed round the 
base of the core. Another layer of 
loam a" a" is then spread over the 
core, and is rounded off properly by 
the board similarly to the core itself. 

When well dried it is black washed, 
as was done to the core. The up- 
right spindle is now removed, leaving 
the small vent-hole through which it 
passed to promote the complete com- 
bustion of the coal. There is now laid horizontally upon the ears of the platform ct d\ Fig. 1322, 
another platform similar to the former, but sufficiently large to pass over the moulding already 
executed. A new layer of loam, 2 in. thick, is laid over the thickness and smoothed by hand. 
Then, upon the second platform, a brick vault is constructed as before, of which the inner surface 
applies to the new coat of loam. This contracts a strong adherence with the bricks, which absorb 
a part of its moisture, while the coat of paint prevents its adhesion to the thickness. The brick 
and loam covering are named the cope. 

The whole mass must now be thoroughly baked by the continuance of the fire. Stoves aro 
preferred to internal fires where they are large enough to receive the work. 

Oast-iron bars may be substituted for tho brick forming the cope. 'Ihese irons must have the 
curved foim of the dome to which they apply, being arranged so as to converge towards the crown. 
Tliey are simply run off in open sand, when resquired, with snugs cast upon them, by which tho 
cope may be lifted off. TJiey are bedded in the external coat of loam, which is smoothed over them, 
and bound together by wires and bands of hoop-iron. 

The next stop is to lift off the cope, which is dono with the assistance of a crane. This being 
effected, access is had to the interior, and the thickness is easily broken away without any injury 
to the mould ; this thickness forming, in fact, the pattern of the pan, it is evident tliat when tho 
cope is replaced exactly, which it may be by the guidance of the knee befi^re described, there will 
be a 8|)ace within to be filled with metal ; this space is the true fonn of the pan. Before replacing 
the cope, the vent aperture in the core is filled up and smoothed over, though the one in the cope is 
left open to serve afterwards as a gate for the reception of the metal. 

The cope being reset, and clamped firmly to tlie core by double knees and wedges, embracing 
the rings, the whole is removed to the pit in which it is sunk, and rammed up tightly with sand by 
iron rammers, which are managed by half-a-dozen or more men, who walk regularly round the 
moulds, keeping time with their rammers, and dealing heavy and light blows alternately, while one 
or two workmen above, shovel in additional sand as required. Fig. 1319 is a vertical section of the 
pit, showing the manner in which it is arranged. A space sufficiently deep is first cleared out, and 
across the l^ttom a passage a* a* is cut, and overlaid with plates, having only an open part in the 
centre which connects it with the interior space in the mould. Two pipes cl, cl aro next laid in 
against the sides of the pit, communicating with the channel a'^ a*. When the mould is lowered 
into its position in the centre as indicated, and the sand rammed about it in tho way already 
described, an oblong, shallow, trough-like cavity e is formed in the surface of the sand, one end of 
which opens into the gate hole of the mould, which is closed by a pin while the ramming is pro- 
ceeded with. 

The channel a* and the pipes fulfil the puj^se of venting the air confined in the hollow 
space, together with what is forced through the substance of the core, when the metal is poured. 
Now, as a large quantity of infiammable ^as is driven off, its union with tho atmosplierio air in tho 
chambers below forms a dangerous explosive mixture, which, rushing out of the openings I /, might 
be inflamoil by accident, and, if not prevented, would blow up the whole work with irresistible 
force. To prevent such an occurrence, the vents are stopped at / / with plugs of straw or mill 
waste, or simply covered with pieces of fine wire sieve, the |?ns passing through these before being 
exfios^ to any accidental infiammation, security from explooion is rendered certain, as flame cannot 
pass through their interstices. 

When the metal has been poured, and has well set, the casting is cleared out as quickly as 
possible, as, on account of the contraction it undergoes, it is apt to gain upon the ooro. Confined 
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cores are always broken up as soon after casting as may bo, especially when their form is calculated 
to resist great compressive force. 

When the object to be moulded presents more complicated forms than the one now chosen for 
the sake of illustration, it is always oy analogous prooesses that the workman constructs his loam 
moulds, but his sagacity must hit upon modes of executing many things which at first sight appear 
to be scarcely possible. Thus, when the forms of the interior and exterior do not permit the moulds 
to be separated in two pieces, it is divided into several, which are nicely fitted with adjusting pins. 
More than two cast-iron rings or platforms are sometimes necessary. When ovals or angular 
surfaces are to be traced instead of those of revolution, no upright spindle is employed, but wooden 
or cast-iron guides made on purpose, along which the pattern cut-out board is slid according to the 
drawing of the piece. In addition to brickwork, iron wires or claws are often interspersed through 
the work to increase its adhesion. When parts of a mould are higher than that portion immediately 
under the gate, flow gates are usually adapted to such parts, by which they may be relieved of the 
impurities that would be apt to lodge there. Such a case is that of a flattish bottomed boiler of 
which the bottom is hollow externally. 

Fig. 1324 is a side elevation of a large steam cylinder ; Fig. 1325 is a sectional elevation ; 
Fig. 1326 represents a horizontal section taken through the centre of the exhaust steam passage ; 
a a are the steam passages to the cylinder, 6 b the exhaust passage, all uniting in the face a; ; S is 
the outlet from the passage b b. 

It is to be noted that the body of the cylinder is round, while the base or bottom flange ee is 
square, and the face fxf, containing the steam- ways, is supplementary to the main part, as also 

1324. 1325. 




L 



r 


L 

y 

A:- ~ r~_— 



the stiffening feathers for strengthening the base. For these parts, then, patterns in wood are 
made adapted to fit the loam work. Figs. 1328 and 1329 are front and side views of the pattern of 
the part //, having core prints ccc, for the usual purpose of steadying the cores. 

As the upper flange of a cylinder, such as the one now described, is generally smaller than the 
under one, and more exposed to view, the cylinder is usually cast in an inverted position, to have 
^e former flange solid. According to the method now most generally adopted for moulding 
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cylinders, the cope or external outline is formed in the first place by an interior loam board cut to 
the form on the outer edge. Thus, the cope is first constructed, after which it is removed, and on 
the same centre, tho core or interior outline is foiuied by an external loam board cut on the inner 
edge. If the cope be roplaoed concentric with the core, they will include between them a vacant 
space, being tho exact figure of the cylinder. Fig. 1327 represents the two first stages of the work ; 
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the core ring a* a\ seen in section, being of the dimensions necessary for the work, is first laid down 
concentric with the spindle h\ and levelled ofl? the ground upon blocks. To the arm c', projecting 
ftom the spindle, the loam board d is fixed by glands embracing two arms nailed upon it. This 
board is cut to form the bearing e of brick and loam for the core, the bearing acting also by its 
sloping edge as a guard in closing the mould. 

Its upper surface now forms the lower side of the cylinder flange. The board is then altered as 
shown at/' on the opposite side, so as to form the flange t, which is made simply of loam. This is 
the second stage of the work, and the flange must be dried like the bearing before it, to prepare for 
the next stage. It is necessary to form the flange singly, to be an additional bearing u(X)n which 
the superstructure is founded. If it were cut at once out of the cope, the overhanging loam must 
give way. 

The arm c* is now shifted up along the spindle sufficiently liigh for the next operation represented 
at Fig. 1330. A loam board d is cut to the form of that part of the cylinder included between the 
extreme flanges, these, themselves, as we have stated, being made of loam and wood. The board 
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includes the exterior outline of the circular exhaust passage ; and, when set in motion, it touches 
the flange at the bottom, and a horizontal piece / projects from it to the top, to sweep a flat surface 
on the cope, upon which the square flange is to be laid. The arm c' is assist^ in holding the board 
by two pieces of iron at the bottom, screwed together upon the spindle and the board, the cope ring 
h having been laid down upon the core ring a' surrounding the bearing c, with a little space 
between them. The steam-way pattern. Figs. 1328 and 1329, is set in its place in an inverted 
position resting on the flange i. Its precise position will be ascertained by the loam board, which 
ought to touch it when it passes round. The building is commenced upon the cope ring ; and 
having been raised upon the flange *, another ring h is bedded on the building, lying near into tho 
loam board, with a segment cut out of it sufficient to clear the steam-way patterns on both sides. 
Upon this ring the building is continued till near tho under side of the exhaust passage ; at which 
pl^ a similar ring p* is bedded on the structure, overhanging it sufficiently to sustain the building 
round the passage, at which place it is greater in diameter. Having built up the height of the 
passage indicate by the board, a layer of loam on the top is swept flush with the upper side of the 
projection, by means of a stick nailed on the board. This forms a parting surface. After black- 
washing the surface, a third ring rn, with projecting snugs on its rim, is laid over it, being faced, 
however, with a layer of loam to protect it from the melted iron. The building is continued upon 
this plate till it reaches the top, when it is succeeded by another plate n, of a square external form, 
and somewhat larger than the i^uare base plate of the casting immediately over it. The building 
is finally carried up to tho horizontal piece f, which smooths off the upper surface witli loam. 

It will be remembered that the mould is, on one side, cut longitudinally throughout by tho 
pattern of the steam-ways. On that siile therefore it has to be completed ; this object is attained 
oy providing a cast-iron plate, done in open sand, fitting generally the interior of the pattern, end 
having three openings, through which the core prints are passed when the plate is applied. It is 
daubed all over the inner face with stiff loam, and Ix^ing set up in its place, the loam receives the 
impression of the face of tlie pattern. Lastly, the square flange pattern is laid over the whole, 
upon the bed prepared for it, preceded by the four stiffening flanges, and is surrounded with 
additional loam, flush with its upper side, to form a bearing for tho top plate. 

The whole mould from the bottom is lifted by the snugs on the cope ring A, off the core ring 
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upon which the two layers e and % are left. It is conveyed to a sufficiently large drying stove to be 
thoroughly dried. 

Moulding the core is an operation comparatively easy, as it is a simple cylinder of brick and loam. 
As the loam flange * has formed its impression on the interior moula under the plate A, it is of no 
further use, and is therefore broken away, leaving the bearing clean to receive the core, as the 
right side of Fig. 1330 ; o is the loam board in its proper position for working, having its inner 
edge set parallel to the spindle, and to the diameter of the cylinder required, and simply fixed to 
*he arm at the top. A cylinder of brickwork p is first built up, being everywhere an inch or so 
clear of the hoard. A coat of loam is next laid on as usual, to fill up the clearance and complete 
the core. The board and the spindle lieing removed, the work is lifted away to the stove, on the 
core ring a' a\ by tho snugs upon its rim. 

The smaller cores, which are to form the steam passages, are for the supply passages a a, and 
the exhaust passage b. The two former being of the same shape, may be formed from one core box, 
seen in jdan and section, Figs. 1334, 1335, for such kinds of cores are usually formed on three sides, 
and open on the fimrth side to admit the material, which is shaped off on this side, by the edge of 
a piece of wood cut to the contour of the core, and drawn along upon the sides of the core box as 
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fitted to the other. Fig. 1333 is a vertical view of tho method of meddng the annular core. It is 
built upon a portable square table convenient for small circular work generally, as it may be con- 
voyed to the stove without tho necessity of shifting tho centre. The spindle turns by a conical 
pivot on its under end, moving in a socket, which is the only staying it requires. A block a" ce" is 
first prepared, being a plain built ring of which tho exterior is smoothed with loam, and is made 
exactly to the interior diameter of the core and to the same dei)th. The core, seen in section at 6", 
is run upon the outside of the block to the necessary thickness, in the course of which two wrought- 
iron angular rods are imbedded in tho core to impart their thickness to it. At 6' is shown the 
vttlve-faoo portion of the core, of which x' is the box, in section, for making it. Tlie round core for 
the short, straight passage f/, Fig. 1331, is made of loam, being run up on a short iron centre. 

In the making of these small cores, as in those of green sand, it is iiecessiiry that they bo 
streiigthenecl with iron rods bent to their form, so as to pass through tho heart of them, and finished 
with eyes at their outer extremities, f(^r locking to the face plate. An open passage running through 
each core is formed, as in green-sand cores, by laying pieces of cord along the irons. These passages 
are of great importance, as upon them deptmds tho escape, through the openings in the face plate, 
of the otherwise confined air existing in the mould, while the metal is being run. The too dose 
proximity of these passages, at any point, to the surface of tho cores must be well guarded 
against. 

Fig. 1.332 is a side view in section of the mode of placing and fixing the cores for the steam- 
ways to the cylinder ; g 7 is the face plate lined with stiff loam, which retains the impression of the 
steam-way pattern ; gg are the two cores, the nearer ends of which are passed through tho openings 
made in the plate for them, and fixed there by small rods passed through the eyes of the stiffening 
irons. The ends are made with shoulders which bear upon the upper side of the plate, Pig. 13:J2, 
which may bo understood from tho form of the prints in Fig. 1329. The horizontal ports of the 
cores are supported at their proper distance off me loam work beneath them, by steeples or nails 
stuck into it. 
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The mould and the ooreB having been well dried, they are dressed and smoothed where neces- 
sary, and finislied with a coat of coal powder. 

Fig. 1331 is a vertical section of the whole mould, showing all the parts fitted to one another, 
so as to contain among themselves the vacant space, indicated by a white ground, into which the 
metal is delivered. The main core pp is lowered upon its rings, irom which it is never separated, 
into a pit dug in the floor of the foundry. The exhaust-passage core is next deposited in its exact 
position in its place on the top of the lower part of the cope, being sustained in the usual manner 
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oft the core by chaplets made of two pieces of strong hoop iron, riveted on the ends of two studs, so 
as to have the necessary tiiickness of space. The lower part of the cope thus furnished is next 
lowered over the main core, into its place upon the core ring, thus surrounding the core, and con- 
taining with it a space between, as indicated in the figure. Another set of chaplets are deposited 
upon the exliaust core, which, by being in contact with the upper half of the coj)o when placed 
above, prevent the core from floating off its scat when immersed in the flowing metal. 

The upper part of the cope having been let down into its place, the face ])late, with its cores 
fixed to it. Fig. 1332, is let down in front of the vacancy in the side of the cope, till it arrives at the 
proper height, when it is set close into its place, and the end of the exhaust core receives 6', through 
the middle opening in the plate, and is secured on the outside by the eye. Tlio branch core d is 
then set in and supported on chaplets, and over it a ring or cuke of loam m ^ seen in section in the 
figure, is placed, being strengtiiened internally with iron, like the cores. The cake of loam forms 
by its inner surface the out<;r surface of the flange. 

The mould being all finished below the top, the pit sand is rammed tightly round it, to enable 
it to withstand the pressure of the metal, air vents being provided in a manner similar to those for 
the plan already described. The top plate r r is laid on lastly, holes being provided in it for the 
admission of the metal. It is covered in with sand, through wuich passages are led up to form the 
holes to the external surface as runners or gates. 
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Chill-casting and the moulds required have been treated at length in the article on Cost Iron 
p. 321. Fig. 1335a illustrates the method of applying the chill to a railway wheel. The mould is 
bore contained by three boxes, the middle box 1 1 being a solid ring of cast iron, whose interior 
shapes and chills the outer part of the rim of the wheel. 

Where a very large number of small articles, such as door and coffin fumituro, the ornamental 
nails used by upholsterers, small working parts of agricultural machines, sewing machines, and 
the like, are required, they are almost alwavs plate moulded. Besides its employment in tho 
production of an infinite variety of the small ware of the hardware trade, plate moulding has 
certain advantages which recommend themselves to the notice of the mechani^*^^ 

In commencing the operation, a pattern or pattern plate of tho article to bo ^ 2>ed*otn is prepared 
with an allowance for the thickness, placed upon a board, set upon a deep and BOi-.ibe bl^f sand. A 
moulding box, about 6 in. larger than the pattern every way, is then placed upon of sanoard ; tho 
pattern being set fair in the middle, it is rammed up and turned over another solid beaPUt o>d*; the 
board is then removed and the parting carefully made. Tho top part of the box is theff'fs atin to 
the part already rammed up, which is the drag ; the gate pins are put in suitable places, and this 
also is rammed up. 

Tiie two parts are then separated, and a frame of wood, about i in. thick and 1 J in broad is 
placed on the parting, keeping the pattern fair in the middle. Tlie outside of the frame is mode 
up firmly with sand, so as to resist the pressure of the melal ; a piece of iron, the same thickness as 
the frame, 2 in. broad and about 4 in. long, is placed on each corner of the under port of the box 
or drag, so that when the top part is placed on it, it will be raised up the thickness of the frame 
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The frame and patterns are then removed, and the mould is carefully finished. The top part is 
afterwards placed upon the under part of the box, and the two parts are securely fastened together ; 
the metal is then poured into the mould, and the pattern plate is produced ; this plate is formed with 
four cheeks on it, which are filed and faced to ensure accuracy in the moulding. The pattern plate 
being cast in the manner above described, it is cleaned up and fitted to the moulding boxes, the pins 
of which and checks in the plate being all fitted exactly to one another. The pattern 
plaie may be used singly, that is, it may be turned over with the top part and drag of the moulding 
box, or two plates may be made, the face impression being taken off one plate, and the back impres- 
sion off a different plate. When two plates are used, each plate must be accurately fitted and 
secured to a frame, which may be constructed of wood or iron, and furnished with guides, corre- 
sponding with the pins and snugs of the moulding boxes. The pins of the moulding boxes may 
bo either simply meed, or steel fitting straps can be inserted into grooves formed in them by 
mandrils. 

Another method of preparing what we may term the working plates, when the moulding plate 
is to bo made bv casting the patterns upon the face or faces of a plate, is to bike a copper or other 
metallic plate, the surface of which has been tinned, and mould, in an ordinary sand mould, the half 
patterns of the articles to be cast. The tinned plate being placed in the mould box with the half 
mould upon it, fused tin, or an alloy of tin and lead, is run into the mould. There is thereby pro- 
duced a moulding plate having on one face the half patterns of the articles to be cast, together 
with the necessary gates, the cast patterns and gates adhering firmly to the tinned surface of the 
plate. Half patterns on opposite sides of the plate may be cast simultaneously in a similar way. 
Or instead of easting the half pattern simnltanoously on opposite sides of the plate, the half patterns 
cast on one side of the plate, may be used for moulding the half patterns to be cast on the opposite 
side of the plate. By this means, great accuracy in the positions of the half patterns on opposite 
sides of the plate is obtained. Tliis ingenious method was introduced by Chamberlain and Smith. 

The half patterns cast upon one or on opposite sides of the plate may be made of iron instead of 
tin. In this case, an uncoated iron plate is used, and on this half patterns and gates are cast. After 
the casting process, tlie plate, with the slightly attached castings upon it, is plunged for a short time 
in a hath of melted tin, the whole becomes coated with tin, and the other patterns are firmly 
attached to the plate. 
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Fig, 1335 b represents a plan of a moulding plate. The pattern plate is here made with a number 
of half patterns on opposite sides, for moulding a series of gas fittings. The gates of the half 
patterns are marked a, and the core prints of those articles 'which are to be cored c c. Holes are 
made at the corners of the plate. 

For some articles, sucli as brass nails, plates with holes in them, for the pattern to go through, 
and also pulled out by means of leverage, are much in vogue. 

The expense incurred in the first place in patterns for plate moulding is rather large, but so 
muoh can Ira done by the plates, of which many duplicates can be in use at the samo time, that it 
has oome into very general use. 

The mode of pr<^ucing moulds by employing a plate having a passage through it exactly fitting 
the pattern, has long been practised. The plate is arranged on a toble, and covered by a box ; sand 
is rammed around the pattern, which at that time is caused to project up above the surface of the 
plate, and the pattern is subsequently withdrawn, through the hole or passage. In many oases the 
prepitfation of the plate, just described, is expensive, particularly when small cog-wheels are moulded 
in this manner, as the holes in the plate should fit accurately over the pattern. To remedy this, 
Jobson and Bansome introduced a plan, by which the opening on the plate is formed some- 
what larger than is required for the passage* of the pattern, and without reference to its peculiar 
contour ; and afterwards, when the pattern is in its place, a fusible metal is poured into the space 
between the pattern and the plate. 

Moulding is an operation requiring considerable space, and with a view of limiting this as much 
as possible, moulding machines, for work involving much duplication, have been extensively 
employed. In addition, such machines effect neatness and cleanliness in carrying on the work, and 
in a measure obviate the necessity of employing very skilled labour ; while the increase in the rate 
of production affords the most economical results. 

Such a mode as that of Johson’s, described in this Dictionary, p. 1540, is a step in this direction ; 
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Mid another is the prooess introduced by John Downie for moulding pi^ and hollow cast ware, and 
applicahlo to a wide range of articles, generally of cylindrical or spherical form. 

The apparatus employed for this purpose, Figs. 1336 to 1340, is here arranged for moulding a 
29-in. socket pipe. , , , . ^ 

The moulding table B has two edges S S of its face, shown dotted, shaped so as exactly to fit 
the pattern T, when the latter is raised with its axis level with the edges S, as in Fig. 1339. Tho 
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pattern is fitted with a cam or collar U, at each end of which the portion from V to X is concentric 
with the axis of the pattern, and the remainder eccentric. The cam U rests upon the adjustable 
bearing Y, and the axis of the pattern is guided by vertical slots in the ends of the moulding table. 
On causing the pattern to rotate, the eccentric portion of the cam, acting on the l)earing Y, gradually 
raises the pattern till it bears on the point V of the cam, when the pattern is in its highest position, 
with its centre line level with the edges S of the moulding table, as in Fig. 13.39. The flask Z is 
then placed on the table and rammed up so as to form one half of the mould, and the two faces B B 
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of the table form the parting surface of the mould, being made fair for this purpose. The further 
rotation of the pattern upon the concentric portion of the cam from V to X retains it in contact 
with the mould, and thus sleeks the mould until on reaching the point X, tlie pattern is gradually 
withdrawn, as in Fig. 1340; the flask Z may then be removed without danger of injury to the 
parting or junction surface, ready for closing and casting in the usual mamner. 

The same principle has also been adopted for making cores or internal moulds, by employing a 
core barrel made in three portions, two of which are hinged upon the third ; the centre spindle is 
fitted with cams of the form above described, which act upon a V-piece inserted between tlie two 
free edges of the core barrel. By turning the centre spindle the V-piece is pushed out or drawn in, 
thereby expanding the core barrel or contracting it as required ; by this means the use of str.iw or 
hay in core making is dispensed with. 

Howard’s moulding machines. Fig. 1341, are largely used in the English agricultural implement 
works. In Fig. 1341, the pattern shown is that used for moulding plough wheels ; two pattoms are 
provided, one for part of the boss, and the other the remaining part of the wheel. The {mttern for 
.moulding the wheel is attached to a plate fixed on the top of a hollow mandril, or piston, which slides 
vertically through the table, and a hollow cylindrical guide fixed below it. This mandril, with the 
pattern, can be riiised or lowered by means of the internal screw, bevel gear, and hnnd wheel, tlie 
height to which it is elevated being regulated by a screwed bar and adjustable nuts. When the 
mandril is raised, the pattern, or a portion of it, passes through openings mode in a plate which 
forms the bottom of the moulding box, these openings being an exact counterpart of the profile of 
the pattern. The moulding plate is supported above the main table of the machine by short pillars, 
and those parts of it which are cut off from the remainder of the plate by the openings, are supported 
either by brackets of a horse-shoe shape, or by similar means, so that the vertical traverse of the 
pattern is not interfered with. 

A mould box or flask is placed upon the moulding plate, and the pattern raised until it projects 
the proper distance through the openings in the plate. The sand is then fillc*d in and rammed in 
the usual manner, after wriich the pattern is lowered by means of the screw and hand wheel lea^^ng 
the finished half mould. The moulding plate gives such support to the sand that patterns without 
draw can be readily moulded, the eclges of the mould being kept perfectly sharp. . In moulding 
plough wheels, a loose metal collar is dropped on the shoulder of the boss pattern, as in Fig. 1841 ; ’ 
this is left in the mould when the pattern is withdrawn, and a smooth and chilled surface is thus 
readily obtained. 



The flasks are kept in their proper position whilst being rammed by lugs, which fall into notches 
made in the edges of the moulding plates. Sometimes castings with sunk panels have to be made, 
the panels being filled with a web thinner than the remainder of the piece. For moulding these the 
patterns are made with openings wherever the sunk panels are to occur, and the moulds shaped by 
giving increased thickness to the moulding plate at those parts. When the pattern has bolt holes 
in it, small stops, carried by brackets from the moulding plate, are arranged so ns to support the 
sand in the bolt holes in the same manner as the moulding plato supports the other parts. The 
moulding plate rests upon pillars fixed to the table of the machine, and it can thus be readily 
removed when it is desired to change the pattern, which can be changed by merely knocking out the 
keys passing through the liolts, wldch fix the plate to which it is secured to the mandril head. 
Many of the machines are made with special arrangements for removing drawbacks. 



A moulding machine of most ingenious construction was introduced some years since by R. 
Jobson. It is shown in Fig. 1342. A A is the moulding table or bed, consisting of a i^tanguhi^ 
cast-iron box, open at top and bottom, and furnished with a large cylindrical axis B B at each end, 
6 in. diameter, turning in beaiiugs on the side frames C C. The axes are prolong^ at the ^ds, 
and counterbalance weights D D attached to them by arms, which can readily be adjusted by 
lengthening or shortening, so as to balance the table with the mould upon it, living it free to ^rn 
•upon the axes. The table turns half round, as shown by the two positions in Figs. 1343 and 1344, 
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being prevented finm turning fiurther by stops, E E, upon the ends of the ihonlding table, which 
catch in notches on the top of the frame O. On the top of the table A a plate F is fixed by screw 
bolts, carrying the moulding box G, which is secured upon it by two inclined catches with handles 
H H, the plate F forming the ramming board upon which the pattern I is fixed, and the moulding 
sand rammed upon it in tlie oriiinary way. The machine is shown as arranged for forming 8-inch 
mortar shells, the pattern I being a hemisphere. 



As soon as the sand is rammed, the cover plate K is put on the box, bjr sliding it on the inclined 
snngs which hold it fast ; the whole is then turned over with the moulding table into the reversed 
position, as in Fig. 1342 ; this being effected by the simple pressure of pushing home the cover plate 
K. since the whole is balanced and turns freely upon the axes. In moulding shells, the pattern I 
is then withdrawn from the mould, sufficiently to make it clear the sand, by means of the screw and 
hand wheel L. A rising platform M, which slides in vertical grooves in the side frames C C, is 
then brought up by means of a lever O, to touch the cover plate of the box which is now at the 
under side, and the box is liberated from the moulding plate by releasing the two catches H H, 
simultaneously, by means of the second handles, fixed on the other ends of the spindles for this 
purpose. The whole is then in the position shown by the dotted lines in Fig. 1342, and the platform 
descends, by means of the additional weight upon it, to the bottom position in Fig. 1342, the platform 
being counterpoised by the balance weights P P. The mould is then removed, by sliding it off the 
platform on to a little railway placed at the same level, and the machine is made ready for repeating 
the operation, by screwing down the pattern to its right place, and turning back the moulding table 
to its former position, ready to receive a second empty box. 

The principle carried out in this machine, of turning over the whole moulding table with the 
mould and pattern ux)on it undisturbed, has the effect of saving all the labour of lifting the moulds. 

Figs. 1^5 and 1346 are of an arrangement designed by U. Cochrane for pipe moulding, in 
which a series of mechanical rammers are made to act successively on the sand in the mould box ; 
the first set of rammers being formed with their surfaces to correspond with the pattern to be 
moulded, while the following rammers have tlieir acting surfaces approaching more and more to 
that of a plane as the filling in of the sand proceeds, the object being to ram the sand equally into 
every part or space of the mould box. A A‘ is the framing of the machine, upon which are placed 
movable tables carrying mould boxes G, at each end of the frame upright guides D enable the 
slidiDg blocks E, carrying the rammer frame F, to move up and down, these piides being tied 
across the top at H ; the rammer frame F has in this instance four differently formed sets of 
rammers G' G" ; G' being intended to act upon the first charge of sand filled into the mould 
boxes, G" on the second, and so on, the rammer frame being for this purpose raised, and at the 
same time turned a quarter of a revolution, and then made to descend rapidly. Beneath the sliding 
blocks E are other blocks E', carrying adjusting screws, upon which E rest, and thus serve to 
adjust the exact position of the rammer frame in relation to the mould boxes. The blocks E' are 
connected by links J, to rocking levers K, receiving motion from the rotating cams L, driven in the 
direction of the arrows bv the gearing M, from the mill shaft M' ; they thus raise the sliding blocks 
and rammer frame into the position, Figs. 1345, 1346, when as the cams recede from the levers, the 
rammer box is free to descend by its own gravity. In order to regulate the force with which the 
rammer frame descends, the levers K are connected by links N to a cylindcT O, which moves up 
and down through a collar P, this can be tightly pressed against the cylinder by the bell-crank 
lever^ Q, worked from the treadle B ; the collar P is usually kept off the cylinder by a spring S 
pressing the treadle upwards. The rammer frame turns freely upon strong pins T, carried by E, 
and provided at one end with four spring rollers, which can be pusned back into recesses in the end 
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of the 6nme, but which are ordinarily pressed forward by springs, so as to ^rcje^ l^yond the frame 
F. In the raising of the rammer frame, the roller, which for the time being is situated centrally, 
comes in contact with the lower end of a stop plate, and the frame F, ^ntinuing its upward 
motion, is forced to turn on the pins T until it has attained its highest position, when the rammer 
frame will have performed a quarter of a revolution. The other rollers, in turning with the framr, are 
made to slide against an inclined surface formed at the top of the block £1, which presses them 

1346. 



' back, and allows them to pass the projecting stop plate in their downward motion. In order to hold 
the frame securely in the correct position after being turned, a spring bolt is made to spring forward 
into an eye forni<^ in the frame, the bolt being retained in a backward position during the ascent 
of the frame, by means of hinged arms connected to the bolt, the ends of which, in the lowest 
position of the blocks E, pass into grooves in the guides, and are made, by the curved form of 
these grooves, to draw the bolt back out of the eye during the first part of the ascent, while the 
upper part of the grooves are formed so as to allow the arms to spring forward with the bolt. 

For holding the rammer frame in its raised position while the mould boxes are being changed, spring 
catches O ore employed, which project out between the guides D below E', but which during the 
operation of the rammer frame are withdrawn by means of the lever a, and the connection The 
tables carry the half>pattems of the pipes to be moulded, which are arranged to be lowered into 
the tables by means of the cams/, actuated by tho worm and worm wheel g* 

Wliile tho operation of ramming the mould box on the table B' is going on, another mould box 
is placed on the table B, and filled with sand preparatory to being rammed in its turn. When the 
ramming is complete its table is moved from under the rammers into the position in dotted lines in 
Fig. 1846, and B is moved under the rammers. For this purpose tho tables are provided with 
wheels h running upon rails t, which rest upon the framing A, while tho operation of ramming is 
going on, at which time the tables also rest on the framing A. But when it is desired to shift the 
tables, tho rails t« are raised slightly by means of cam surfaces on the two shafts k, which are 
simultaneously turned somewhat for this puipose by a hand lover and connecting levers m n. By 
this means the tables B B' are both raised slightly off tho framing A', and they are then made to 
move into the required positions by means of the pinion o, in gear with the rack p, fixed to tho 
tables and driven by means of the shaft q and crank handle, after which the tables are again 
lowered on to the framing, and the ramming of anotiicr mould box is proceeded with, while, at the 
same time, tho box with prepared mould is removed from the table B' and replaced by an empty 
mould box. 

In the earliest method of making toothed wheels, the teetli were chipped out by hand from the 
solid edge of the wheel, upon which they were set out and shaped to template. Subsequently the 
• 2 u 
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teeth were formed on a wood model of the wheel, and moulded from thle moddl aoearding to the plan 
in geneial use. 

Wheel moulding from patterns thus made involves the necessity of having a separate expensive 
attem for each wheel that dilfers in form and pitch of teeth, as well as in diameter. The result 
as been a vast collection of tooth-wheel patterns, to meet the requirements of ordinary trade 
demands ; and this stock has become so costly, in the expense of construction and of the storage 
space occupied, that it has led to an ob- 
jectionable limitation in the range of 
piteh of wheels, in order to reduce the 
extent of the stock of patterns. The 
use of wood patterns for entire wheels 
involves further, the practical objection 
of liability to distortion, both in the 
general contour of the wheel and in 
each tooth, owing to the irregular effects 
of expansion and contraction in the 
component parts of the pattern, as well 
as the unavoidable risk of variation in 
the forms and dimensions of the several 
teeth, in consequence of the different 
finish that each receives. The uncer- 
tainty, too, attending the drawing of an 
unwieldy pattern from its mould, and 
the distortion of the pattern that occurs 
from its lying in damp sand for a con- 
siderable time, are additional obstacles 
to the manufacture of a toothed wheel 
from the ordinary wood models, with 
the correctness that is desirable. 

The only method of overcoming these 
difficulties is by employing a small seg- 
ment as the mttem, and moulding the 
entire toothed circumference by repeti- 
tion of this small portion; employing 
mechanical means for lowering and 
raising it, and for spacing out the teeth 
round the circumference of the wheel, 
so as to obtain the same certainty of 
accuracy throughout, as is shown by a 
wheel divided and cut in a machine. 

This process was introduced by P. R. 

T* -i_ carried out with greatest accuracy ; and until the advent of hie most valuable machine 

be said that no really correct toothed wheels were cast. 

3 object of G. L. Scott's wheel-moulding machine, described at p. 1558 of this Dictionary, 

„wcn to extend the application of this process by Hie use of a portable machine, of small size and 

cost, that can be easily applied for mouhling a toothed wheel in any port of. a foundry. 

Another good machine forwhocl mnnl/Hwor n 

A is a circular framework cast in one piece, B is a circular table, and to this is keyed a dividing 
wheel M, containing 240 teeth, by which the table is revolved, and each revolution is divided into 
the number of teeth required in the wheel to be moulded, motion being communicated through the 
change wheels O P, from the handle N, to the worm 0, working in the worm wheel M, both the 
dividing wheel M and worm C being well protected from the dust and grit. D is a turned pillar 
fitted in the socket B, in which it slides up and down to suit the depth of wheel to be mode, and 
supported by the rack E. The pillar will revolve to obtain the radius required, from the centre J 
to the pitch line of the pattern T. F is a horizontal slide, used chiefly in making worm wheels. At 
the end of the slide F is the vertical slide G, for lowering and raising the pattern T to and from 
the mould. 

Having ascertained the sizes of wheels to be made, it is necessary to set them out full size in 
section on a drawing board, in order to get the proper form of strickling board and core box for the 
arms. It is also necessary to draw in full a short segment of rim, showing the jyroper form and size 
of a few cogs. The block or segment pattern is made with two teeth only, as with Bcott's machine. 

The next part of the pattern is the strickling board. Figs. 1349 and 1350, the former for bevel 
and the latter for spur wheels. These boards are shaped to the exact section of the wheels intended 
to be made, the edge a dc forming the lower part of the mould, or that part which is to receive the 
teeth ; and the edgede forms the mould for the back part of the bevel, or top side, of spur wheels, 
or in other words adc form that part of the mould made in the bottom moulding l^x, and df form 

that part of the mould mado iTi tnn Krtv • 


, ...n, and 

The moul^ng boxes to be used with this machine are bored, turned at the joints, and fitted 
aether in pairs, the bottom box L only being used on the table of the maobine. The slides F G, 
to which are attached tiie whole of the top part of the machine, are bolted to the top of the pillar D 
through the flange D*. By revolving the pillar D, the whole of the slides F Q ana appendages^^re 
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moTcd from over the table leaving the table Quite clear and free from all obstruotiona. The 
moulding box L is then plaoed on the table B. The centres of the table and moulding box are 
boxed one size to fit the oentro spindle J, whioh is dropped into both centres, after plaoing the box 
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Btriokling board is attaolied, being bored to 6t the centre spindle on which it revolves, supported 
in the centre by n hoop on the spindle J, and the edge c, resting on the top edge of the box li. By 
moving the board round, the spindle describes the proper form of mould preparatory to receiving 
the teeth. 

The segment, or pattern T, is screwed to an iron angle bmoket, and secured in the socket Z. 
The upper portion of the machine G Z is then brought in position over the mould and secured ; the 
proper radius and p<)8ition being ascertained, the pattern is lowered on the sand bed already pre- 
pared by the s trickling board. 

Prior to this the number of teeth in the wheel intended to bo moulded being found, the operator 
puts on tlio requisite change wheels op, coinciding with ilie dividing wheel and the wheel to be 
moulded. There is a list or table of changes sent with each machine, showing what wheels to use 
and how to place them. 

Say, for example, there is a wheel to make with fifty-five cogs, they would be placed, according 
to the teble, in the following order ; — 


No. In Wheel to 
be made. 

Handle Shaft. 

Worm Shaft. 

No. of Turns a 
Tooth. 

55 

60 

55 

4 


If the machine is heavy to work, through having a large box filled with sand, the relieving 
screw W is applied to the bottom of spindle J, and the machine will then work with ease. 

Tho workman then proceeds with filling in between the two teeth in the pattern with sand, and 
having rammed the sand to sufBcient and uniform hardness, he raises the pattern from the sand by 
the hand wheel H, working a pinion and rack which raises the vertical slide G to which the pattern 
is attached, and is held when raised by ratchet wheel a^ retaining pawl. 

The requisite number of turns is then made with the handle N, and tho pattern lowered into 
the mould by the hand wheel H. On lowering the pattern in the sand for the second tooth, the 
opc^rator should particularly notice, when lowering, whether the pattern tooth displaces or presses 

hard on the sand tooth, and if it should do either, the wheel ho is making is too small in diameter 
for the pi tell and number of teeth intended, and it is necessary to make the wheel a little larger. 
This is readily accomplished by releasing the pillar D in the socket B, where it is secujred whilst 
tho moulding is in process, and then increasing the radius J T, Fig. 1348. If, on the contrary, it is 
found that a space is left between tho pattern tooth and the sand tooth, on lowering the pattern for 
the second tooth, the wheel is too large, and the radius requires contmeting. If the segment tooth 
only just touches the sand tooth without displacing the sand, the wheel is then the proper size. It 
always indicates, on making tlie second tooth, whether the mould ia right, and if it is right, the 
workman proceeds to fill between the two teeth of the pattern with sand as before, and so repeats 
tho operation until the whole wheel is finished. 

The top part or box does not require to be placed on the machine at all. It has a small hole 
bored through the centre, in which is fitted a spindle, and on this spindle the bracket Y fits exactly, 
as in tho botb^in part ; the board does not require taking off tho bracket, but both are inverted 
together, and the edges d e serve the same purpose in the top box that abc did in the bottom box. 

The use of gear wheels to effect the regular movement of the table in wheel-moulding machines 
has been objected to by some, and in Bellington and Dorbyshire’s machine tho use of geared wheels 
is done away with, and their place is taken by adapting to the table a perforated rim or ,ring of 
metal, called the dividing ring, which is placed above the periphery of the revolving table, and 
arranged to operate in conjunction with a locking device. The ring or rim is made to answer the 
same purjjose as the dividing plate on a wheel-cutting machine, and to this end is perforated with 
a series of sets of holes in parallel lines around its periphery. 

Tho table is held firmly in the required position by means of a screw pin, the end of which engages 
with tlie holes on the dividing ring, and after each tooth of the wheel has been moulded, the screw 
or pin may be withdrawn, until the next hole in the dividing ring is brought opposite to it, by the 
turning of the table by means of tho screw and worm wheel, to be again held in position daring the 
operation of moulding the next tooth. By this arrangement the revolving table itself is fastened 
directly and securely in position, at a point outside its largest diameter, thus giving to it a maximum 
of steadiness, which cannot be attained by any arrangement of geared wheels. 

The cost of patterns for machine-wheel moulding is i^erely nominal, compared with the making 
of whole patterns, and if destroyed these are easily replaced. Again, the storage for whole patterns 
is generally very large and expensive, whereas if made by machine the storage will not exceed 10 
to 20 per cent, of the room occupied by whole patterns. Whole patterns are very subject to get out 
of truth by variations of temperature, and it is very costly, even if at all practictible, to keep a room 
at one temperature. On the other hand, if tho blocks for wheel moulding get out of truth, they are 
soon replaced at a very small cost, and wheels made by machinery are certainly more accurate thafy 
whe(ds made from a pattern. 

The drying stove of a foundry should, if possible, be built contiguous to tho moulding shop, 
with lines of railway running into it, through openings in the partition wall. The work to be dried 
can then be run into tho stove, from various parts of the moulding shop, and when dry, should be 
withdrawn from the other side ready to be placed in the pit for pouring. In tliis way tlie con- 
tinual fiow of work is kept in one direction, progressing towards completion, and time and labour 
are much economized, especially where large heavy work is in hand. 

The stoves are generally built in sound brickwork, and of such shape and dimensions as are 
required for the kind of work to bo executed, a^d are provided with appliances for entering and 










FOUNDING. 


661 


withdrawing, or shifting tho position of the articles to be dried. The walls, especially if exposed 
to outside air, should be built double, with an air space between them. 

In some cases it is possible so to arrange the stoves that their heat shall be greater towards that 
end where the cores are withdrawn, as in the case of a pipe foundry, where tho cores are tolerably 
uniform in bulk, and will therefore dry in regular rotation, so that the wet cores on entering can be 
placed in the coolest part, and be gradually advanced as they dry to the hottest part, previous to 
being withdrawn. In the majority of foundries, however, such a systematic course cannot be 
adopted, owing to the varying bulk of the cores and moulds to be dried, and the neceissity that 
exists for the men to be able to get at them to apply the blackwash, which is generally done within 
the stove. 

The stoves are sometimes built with cast-iron floors, without any rails, the trucks are then 
wheeled along the rails to the entrance of the stove, but when in the stove they run upon tho flanges 
of the wheels, which are made rather broader than usual to give them a good bearing surface. 
This plan considerably lightens labour, as the loaded trucks can thus be more easily moved from 
one part of the stove to anotiier, tlmn when obliged to follow the line of rails. 

If the stove is required to be of any considerable length, it is desirable to provide it with sliding 
iron partitions, by which it can, when necessary, be divided into compartments, with doors to each, 
so that tho articles in any one part of the stove can be made acoessiide, without delaying tho drying 
of the others. During the time that any one compartment is thus separated from the remainder, 
the current of heated air must be diverted past it, by means of a flue provided with valves for regu- 
lating the flow of the air. 

An ordinary drying stove consists of a simple brick chamber, with large plate-iron doors at one 
end, which can bo thrown wide open. The three sides are built in 9-in. brickwork. In one of the 
sides is a fireplac.e, which can be supplif^d with fuel from the outside of the stove, and may be shut 
off by a closely-fitting iron door. In the opposite side of tho fireplace is a flue leading to tho 
chimney; this flue is placed low down. An arched brickwork dome covers the chamber. Iron 
shelves are arranged along the walls for drying small cores and Ixixes on. A line of rails which is 
within the sweep of a crane, loads into the stove, and any heavy mould which is to be dried may be 
laid upon a car runnitig on this track, and both car and mould arc jiushed into tho stoves, the doors 
closed, and fire put in the furnace. The size of a drying stove is varied according to the size of tho 
castings commonly made in a foundry. A stove of 12 ft. in all directions, and 7 ft. high, is a good- 
sized stove. When there is no occasion for employing a large stove, a small one is selected by pro- 
feronco, because it works faster, and with less fuel. 

One plan of drying moulds consists in forcing air through mains below the foundry floor, and 
having openings in the bottom of each pit, withm which the moulds are placed. Over the opening 
into each pit is placed an iron basket full of burning coke, and over the top of the pit a cover of 
nlate iron is let down, having a small opening for the eseax^o of the heated air. By thus blowing 
neatod air amongst the moulds they are quickly dried. 

In order to dry any material in a confined space, it is necessary not only to heat the air in that 
space, but to change it before it bc.comes saturated with moisture, otherwise the material is simply 
steamed, not dried. It would apx)ear therefore that a high temperature with a brisk current are tlie 
most favourable conditions for drying, but with regard to cores and moulds, tlie limit of both these 
powers is soon reached. Supposing a low temperature is adopted with a very rajud current of air, 
the surfaces of the loam are very liable to crack ; whilst if the low temperature is used with u slow 
current, the loam in drying gi^ually gets so dense and consolidated as to lead to a probable 
failure in the casting from blowing. If, on the other hand, the temperature is forced beyond 500° 
Fahr. with a slow current, the moulds and cores dry unequally, and the steam which is generated 
splits ofl* pieces, and thus spoils the cores and moulds, besides destroying the fibrous qualities of 
the haybands, tow, or horse-dung used for binding the loam, and other materials used in their 
oonstruotlon. 


The speed of the current must be regulated to suit the work being dried, and observations upon 
the amount and rapidity of the evaporation going on in the stove should be frequently made, and 
carefully noted. 

For heating the stove, a regenerative firebrick furnace has many advantages. It is easily regu- 
lated, can be heated with refuse coal, and the heated air is delivered into the stove much more free 
from dirt and soot, than when the stove is simply used as part of a flue for the products of combus- 
tion from the heating fire to pass through, on their way to the chimney. 

In bis ‘ ifitudes sur la Ventilation,* Morin gives some formulae which will be of service to anyone 
having to design foundry stoves, and who may wish to calculate somewhat closely the supply of 
heat, the volume of air, draught, height, and area of chimney required, and similar details. 

The foundry pits necessary for heavy work are either sand pits or open pits. The former oro 
filled witli sand, to the level of the floor, which is dug to form a sufficient cavity, not only to 
enable the loam mould to be lowered into it, but also to allow tho labourers to fill and ram the sand 
in again, firmly all round tho loam mould, as a 6uffi[cient support to enable it to resist the pressure 
of the fluid metal inside it. 

Band pits are used where the loam mould is built up, both in core and cope, upon a skeleton 
framework of common or loam bricks, or in such other manner as not to have sufficient stiffness in 


itself to resist the pressure of the liquid metal. The necessary support for the cope, or external 
portion of the mould, is here obtained by the filling in around it of the solidly rammed sand. 

As to the cores, when these ore circular in section, they are not found to require much support 
beyond the brick skeleton, but when they are irregular in shape, they are strengthened by stiffen- 
ing pieces, or struts of wrought iron, or rings, applied according to tlio circumstances of the case. 

Baud pits are almost invariably used for tho larger description of castings, and even where 
small work is the rule, a sand pit is occasionally required. It ^lould be about 4 ft. larger in clear 
space all round than the largest mould which it is expected to accommodate, iu order to allow 
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ample room to dig out the eand and fill it In again around the mould. Hie <^lindrloal form, la that 
beet adapted for a sand pit ; it should be surrounded with a briok wall, to prevent the sides fkom 
falling in, when the sand is removed. The depth and diameter of the pit depend upon the descrip- 
tion of work it will be used for, but as a general rule castings of large diameter are seldom very 
dee^ and those which are of great height are seldom of large diameter. 

Exceptional oircumstanoes require special appliances to meet them, and it is scarcely worth 
while to constantly dig, wall, and fill in with sand, a very wide and deep pit, whose utmost 
capacity may perhaps only be tested once in twenty years. To partially overoome this difficulty, it 
has been proposed to excavate a central pit of oonsiderable depth, surrounded by one of much 
larger diameter, but of less depth. 

Before filling in the pit, the sand should be screened, and wetted, and should then be thrown in, 
in successive layers, being well and equally rammed down all the time, by labourers in the pit. 
If this operation is caTefulIy performed, the sand will bear digging out from around the mould, and 
will stand up firmly like a wall. If, on the contrarv, sufficient attention has not been dgvotkl to 
this, the sand will come out unevenly, and will fall down in masses from the sides. In the case of 
large pits, this is a source of oonsiderable danger and loss. 

If the mould and casting have not yet been removed, the fallen sand must be dug out ; whilst 
should a fall occur just after the core of a large mould has been lowered into the pit, and before 
the cope has been properly adjusted in its place, it is most probable that the core will be damaged 
by the falling sand, or the least evil will be, that it will absorb some moisture from the damp sand. 

In digging out or filling in deep pits, some precautions should always be taken to protect the 
men against the falling sand, by placing struts and poling boards againirt the sides, as is usual in 
all deep excavations, and is the more necessary with such material as sand. In digging out the 
sand from large pits, it is necessary to caution the men on the upper bank not to walk too close to 
the edge, so as to avoid bringing down the sand upon the men below. 

'When the pit exceeds 8 ft. in depth, it is usual to excavate the sand by the ordinary staging- 
process, having labourers on each stage, to throw the sand to the stage above, until it reaches the 
mnk, where more labourers must be stationed to ahovel it back from the edge of the pit, which must 
be cautiously done. 

The sides must be supported with stmts and stout poling boards, and sometimos rings of angle 
iron, in three or four segments, arc lowered into the pit, and bolted together, thus forming a very 
strong circular support for the edges of the bank. Into the interval between the ring and the 
poling boards, hard wood wedges are firmly driven. One great advantage in the use of angle-iron 
rings to support the poling boards, is that cross struts are thereby avoided, and the rings and poling 
boards need not be removed until after the mould has been lowered into place, and it is necessary 
to ram in the sand around it. 

One or two light ladders should be left in the pit, until it is bo far filled in, that the men can 
leap out on to the bank in case of a sand fall. 

The walls of dry pits are generally built of brick, sometimes of stone, and the bottom should be 
laid with a slight nil! towards the centra If the soil around and beneath the pit is wet or shifting, 
a good concrete foundation must be put in, and concrete must also be mn in around the walls, which 
must be built strong enough to resist external pressure. In a watery soil, the whole mass of the 
casing must be of sufficient weight to counterbalance its displacement, so as to ensure its not being 
lifted, or fioated, bodily upwards out of its site by water. 

Such an accident is most unlikely to occur, except where a pit might be placed near a river, 
whose rising water could permeate the soil around the pit. But as a rule a waterlogged soil is, 
and should be, avoided for the site of a foundry. These pits are occasionally lined with Uiin 
wrought or cast-iron plates ; when casting in such pits, however, precantions must be taken that 
the molten metal does not come in contact with iron casing, as it would probably crack or damage 
cast-iron plates, or stick in lumps on the wrought iron. 

Open pits are simply dry pits with fiat Attorns, placed below the sand floor of the foundry, 
within the sweep of the cranes, and of such a depth as will allow the moulds to be stood within 
them, without rising much above the top edge of the pit. Open pits are employed where the loam 
or dry sand mould is built up within a flaw of cast or wrought iron, which casing is sufficientlv 
strong not only to support the mould, but also to take the thrust which comes upon the mould, 
wlien the metal is poured into it. The dimensioDB of the open pits are regulated by tho size and 
form of the castings for which they ore intended. 

In most cases where any large castings have to be made in nnmbers of a similar size and shape, 
such as large pipes or columns, it is more economical to provide iron cases for the moulds, whether 
these aro of dry sand or loam, and thus to be able to use the open pit when pouring. The moulds 
must be properly secured in position in the pit by stmts and stays, unless of such a form as not 
easily to be displaced. 

When it is necessary to withdraw a casting from the pit, the sand should be dug out all round down 
to the bottom of the mould, before attempting to lift the casting out by the crane. This is a point to 
which sufficient attention is frequently not given, and the casting or the crane chain will probably 
be strained. One great advantage of casting in deep sand pits is the power it gives of casting bodies, 
such as large pipes and cylinders, in a vertical instead of in a horizontal position. It is well 
known that casting in this manner tends to improve the metal in the body of the work, and affords 
a ready means for extracting from the casting dr(»s and air-bubbles, whioh rise into the open part 
or rising head of the mouM. 

To reap the full advantage of this tendenev, the metal should not be poured directly into the 
top of the mould itself, as it would probably fall with too great a blow, and would in falling carry a 
large quantity of air with it. The plan which is found nmst successful is to convey the metal by 
vertical gates to the lower part of the mould, to pour the metal into these, so that it flows upward 
in the mould, when the air-bubbles and dross will fiottt to the sur^soe, and be then easily removed. 
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whilst the body of ibe oastiog will deriye all the advantages wbiob acorae from tbe pouring with a 
head of metal. 

A foundry must be well provided with ladles, varying in size from the smallest, which one man 
can easily carry, up to those capable of holding two, three, or five tons. Of the smallest size, 
which are similar in form to Fig. 1352, but generally made with ladle, trunnions, and handles in 
one piece, a good many should always be kept in stock ; of the larger sizes, the number must of 
course be determined by the class of work it is usual to contract for in the foundry. 

Figs. 1351, 1352 are a plan and elevation of a common form of heavy ladle, generally made of 
boiler plate, which should be strong and thick, with double-riveted butt-joints, heads of the 
rivets inside, and a strong angle-iron ring round the bottom. 

The shape is cylindrical, with the bottom slightly concave inside, and it is usual to roughen the 
internal surface with a view of giving a better hold for the loam coating. The plates of the ladle 
are frequently perforated with a number of holes, 
about half an inch diameter, allowing an egress 
for the gases, which are generated in the lining, 
when the molten iron is run into them from the 
cupola. 

The body is surrounded by a strong iron 
ring, from which two trunnions project; over 
these, the holes in the frame fit, the upper bar 
of the frame having a stout eye, for slipping 
on to the hook of the crane chain. A loose 
swinging fork is arranged on one of the upper 
edges of the ladle, and by throwing this into, 
or out of, gear with the side of the frame next 
to it, the ladle is kept vertical or swung over at 
pleasure. A handle fits on to the prolongation 
of one of the trunnions, and is a rough means 
of regulating the quantity and rate at which the 
metal is poured. 

Before commencing to line the ladle, it is 
advisable that it should be slightly heated ; 
the fumoceman then gets inside it, and having 
coated the interior with a wash of clay of about 
the consistence of cream, he proceeds to apply 
the loam to the bottom of the ladle, in a uni- 
form coating from 1 in. to Ijl in. thick, using 
the utmost precaution to force it into close con- 
tact with the plates at all points. In working 
upwards the thickness of tlie liuing is slightly 
r^uced, and the covering of the lips must be 
rounded otf, so as not to oppose any uneven 
surface to the flow of tiie metal, whilst at the 
same time it must bo prevented from coming in 
contact with the iron of the ladle. When the lining is completed, the ladle is allowed to stand, 
until the loam has dried sufficiently to allow of the ladle being turned upside down, without dis- 
turbing the lining. A fire is then lit beneath the ladle, so as to completely dry the lining. The 
ladle must be slightly tilted on one side, to allow the damp air and smoke to escape. The nature 
of the fire thus applied somewhat depends ujwn tbe convenience of the works, but one of the 
simplest and readiest modes is to place a pile of ignited coke on a piece of old sheet iron, and run it 
under the ladle. 

If any cracks are observed in the lining during the process of drying, they must be filled up 
with moist loam, and when the whole is perfectly dry and uniformly covered, without cracks or 
flaws, a coating of thick black wash is applied. When about to toss the metal into a ladle, an old 
piece of plate imould be placed in u sloping position, resting against one side of the boitom, so as to 
prevent the first force of the current of metal from coming into contact with the lining ; this plate 
must be removed with the tongs, when there is metal enough in the ladle to receive the flow of the 
falling metal. The breaking of the iron ’’ in the ladle is useful as an indication to the founder of 
its temperature. 

The currents are more rapid, and the bright linos dividing up the surface are more irregular 
and transitory when the metal is first run into the ladle than afterwards. 

By a close observance of this curious phenomenon, the founder is enabled to judge the right 
moment for pouring, as it is seldom advisable to do^ so when the iron is at a much higher tempera- 
ture than is necessary to ensure its penetration to every part of the mould, and making a clean 
sharp casting. Small ornamental work must be poured at a higher temperature than large, heavy 
oasting^s. 

If the metal in the ladle is considered to be too hot to pour, a few pieces of perfectly dry, clean 
scrap iron are plunged into the ladle, where they will absorb some of the excess of heat, in the 
process of btdng melted. The iron thus put info the ladle has a strong tendency to float ; it must 
therefore be forced down with the tongs, but the greatest care must be exercised not to damage the 
lining in so doing. 

A convenient mode of tipping tbe ladles is obtained by the arrangement in Fi^. 1353, 1354. 
The strong wrought-iron oross-head is brought down on each side to nearly the bottom of the 
ladle, where it is bent round extra strong lugs or trunnions. Upon one of these trunnions is keyed 
a cast-iron worm wheel, which is geard into by an endless cast-iron screw, carried by bearings 
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attached to the side bar. The end of the axle of this screw is square, so as to fit the socket of the 
long shaft, which is caused to rotate by means of a capstan wheel, fixed at such a distance from 
the ladle, that the man working it shim not be inoonvenienced by the heat of the metal in the 
ladle. 

This arrangement enables the ladle to be quickly, and safely, tilted to any desired angle. In 
order to ensure its steadiness when in an upright position, the usual forked catch with a hinge is 
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riveted on one side of the ladle ; the fork embraces the vertical arm of the cross-head, tlius pre- 
venting any movement out of the perpendicular until the catch is disengaged. 

For conveying the filled ladle from the cupola to the mould, an overhead traveller can be used, 
or a small but strong wrought-iron truck, Figs. 1355, 1356, running on light rails, may bo emplo^d, 
so arranged as to run the ladle within command of the sweep of the crane used in pouring. The 
rails should be laid a few inches below the usual floor level of the shop, and when not in use, be 
covered in with sand, to protect them from any liquid metal that may be spilt. 
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of rails. 

Having the ladle conveniently placed over the mould, the foreman in charge will direct the 
men to commence pouring. A skimmer should stand on each side of the ladle, if it bo a large 
one, to remove all the slag and other impurities floating on the surface of the metal, and to prevent 
as much of them as possible from flowing into the mould. For this purpose they use a skimming 
tool, consisting of a flat blade of wrought iron fixed on to a long handle of round bar iron. 
To prevent the oxidation of the surface of the metal, powdered charcoal is plentifully thrown 
on it. But in any case a certain amount of dross will be found on the top of the ladle, and some of 
it will evade all the dexterity of the skimmers, and flow into the mould, to the great risk of spoiling 
the casting. 

Cast Steel — From the time of Huntsman the principal improvements in the crucible pro- 
cesses of steel making have been that a ^all proportion of manganese, in one form or another, is 
generally added to the metal ; that the size of the pots has b^n increased ; that two, and some- 
times four, are heated in each furnace, instead of only one, and in many works the regenerative gas 
furnace is now in use for melting, in place of the pot-hole fired with coke; that very mnoh milder, 
less fusible metal is now often melted ; and that, as the knowled^ of the chemistry of the subject 
has advanced, every possible mode of making steel in crucibles nas, at one time or another, been 
either tried as an experiment or worked on a commercial scale. 

Figs. 1357, 1358 are examples of the fumac^ now used for melting steel in crucibles, and 
represent the ordinary pot-holes used at Bheffield, iu which coke is the fuel. Each hole or furnace 
is a simple rectangular chamber, communicating near the top with a lar^ main flue, whicli is 
common to a row of furnaces. The tops of me furnaces are on a level with the floor of the 
melting shop, and the grates are accessible from the cave below. Each furnace is covered by a square 
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flre-tUe, or qn^, fixed in a wi^ght-iroa j&ame, from which a handle projeote in front The fur- 
naces me lined with gronnd ganister, a Tarietj of millstone grit that is found near Sheffield, and is 
of neat yalue m a fire-resisting material. When the furnace is to be relined, a wooden mWd is 
put into it, and the ^onnd material rammed round. 

The pots rimostinvjmably used are of fireclay, mixed with a Uttle coke-dust, and «nmAti»n«.f 
also with a little burnt clay, old ground pots, to make the mass more porous, and thus the 
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risk of cracking. The mode of making and annealing the pots is defioribod in this Dictionary The 
pota vary much to size : thus, some hold a charge of only 28 lb,, and others from 40 lb. to 45 lb 
The present tendency is towards the use of large pots, holding 55 lb. to 70 lb. for the first chajce! 

^ «fto\time they are refilled, in order that the flux-line, the level of the sur^ 
of the liquid steel, where the chief corrosion of tho pot takes place, may not come twice at the same 
heighi w hen pots of plumbago or black-lead ware are used, they are frequently mftdo to hold 
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75 lb. CHay pots stand from two to four rounds, depending on the fusibility of the steel melted, 
and blaok-lead pots about twice as many. Black-lead pots are, however, seldom used, except in 
melting the very mildest qualities of steel, such as the boiler-plate metal, for which Pittsburgh has 
acquired a deserved celebrity ; steel so refractory that the best clay pots will soften and burst at a 
heat little greater than that r^uired to render the steel liquid. 

Three charges or rounds are melted in twelve hours, and generally the melting is carried on by 
day only, as the wear of the furnaces is much increased by working them day and night. The con- 
sumption of coke is from 2f to tons, a ton of steel melted, equivalent to from 4 to 5 tons of coal. 

The preparations for melting the steel are commenced by making a coal fire upon the grate 
adjoining the annealing grate. The annealing mte must be large enough to hold twice as many 
pots as there are melting holes in the fumaoe. If that number be ten, twenty pots are put inverted 
upon the annealing grate, and the fire put down the spaces between them, which are then to be filled 
up, so as to cover the pot with the smul ooke riddled from among the coke used for melting, and 
upon these again the pot-lids are laid. This is done in order to have the pots gently heated to a 
red heat, ready for using. Each pot requires a stand and a lid. In form, the stand is the frustum 
of a cone about 3 in. high ; and as upon the base of the stand the pot is to rest, they should corre- 
spond in size. The stand is made of common fireclay, but the lid of clay the same as the pot ; it 
should be a little larger in diameter, flat on the under side, and a little convex on the upper. Each 
furnace has two stands placed in the proper position upon the grate bars ,* and upon the stands two 
pots, covered with their lids, from the annealing grate. Some fire, with a little coal, and soon after 
some ooke, is put on ; and when this has burnt up, sufficient coke to cover the pots ; when the fur- 
nace and pots are at a white heat, the steel may be put in. The steel, having been broken and 
selected for the intended purpose, weighing say 34 lb. for each pot, is put into pans of iron or upon 
steel plates. To charge a pot, the lid is taken off, and the lower end of a conical- shaped charger 
placed over the pot, down which the steel is gently slid. The lid is then replaced, and the 
other pot being charged in the same manner, the furnace is filled with coke, and covered. After- 
wards more coke is added, the quantity being determined by the experience of the steel maker. 

Four hours will finish the heat, when a man removes the crucible, by means of basket tongs, from 
the fire, and puts it on the floor. Another workman takes the pot and pours the metal into the 
mould. Meanwhile the furnace is cleared of clinkers and made ready to receive the hut pot when 
emptied into the mould. 

Brass Founding , — In a brass foundry of moderate size, it is very usual for the moulding and 
casting shop to be all in one. This does tolerably well where only small work is on hand ; but where 
as many as a dozen moulders are employed, it will generally be found advantageous to separate the 
shops, in which case the floors should nut be on the same level ; the casting shop floor should be 
2 or 3 ft. above that of the moulding shop. By this arrangement the men are enabled to move the 
flasks from the benches to the floor of the casting shop without stooping. The moulders pass the 
flasks into the casting shop, through openings in the partitions which divide the two shops. The 
moulding shop should therefore be narrow, so as to give the men but a short distance to carry the 
flasks, from the benches to the casting shop floor. There should be ample light, it should come 
from overhead, and over the benches if possible. These are generally placed along the whole 
length of the shop, or they may be arranged at right angles to the wall, two being placed back to 
ba(^. 

The sand heap should be centrally placed in the shop, with a shoot from the outside. The drying 
stove and core stove are in the moulding shop. These are Jieated by fuel, or by means of steam 
jackets, the latter plan being much the more cleanly and convenient. There shoulcl be a water 
tap and sink in this shop. The casting shop should of the same length as the moulding shop, 
the furnaces being arranged on the opposite side to the moulding shop. This shop must be well 
ventilated ; it should have openings at the floor level, and also in the roof, so as to keep up a current 
of air. Stores for ooke and for ashes must be provided, and near the spot where the boxes are 
poured. There should be gratinpi over which the boxes are to be emptied, the sand going buck to 
the moulding shop by an inclined plane. The dressing room must be next to the casting shop, so 
that all castings can be quickly pa^ed iu, weighed, cleaned, and dressed before being sent to the 
warehouse, which should also be near by. A benc^, a few vices, and small tools are all that is 
required in the dressing room. The finishing shop should be a large, well-lit, and well- ventilated 
room adjoining the dipping and colouring rooms. These latter must be well supplied with water 
and sinks, and the north light is considered most suitable for them. The lacquering room must have 
openings into the finiahing shop, and into the warehouse if possible. It must 1^ kept quite free 
from smoke and dust, be well ventilated, and have a north light. 

Modelling and pattern making are both used for brass work, and although these are distinct 
branches of trade from founding, where work is systematically performed, yet in small country towns 
there are many workshops where it is of ^eat importance that the same man should be able to 
execute work and understand the general principles both of modelling and pattern making, as well 
as of brass founding. 

The materials commonly employed for modelling are pipeclay and stucco. The former is used 
for work of a protracted nature, the latter for straight flat models, which can be finished off at once. 
Pipeclay, which is decomposed felspar, is made into a putty with water or glyperine ; the glycerine 
prevents its getting hard for a considerable time. 

Almost the only tools reouired for modelling are made of boxwood, with variously shaped ends. 
The handles are about 6 in. long ; the sharpest edges are slightly nickotl ; the otliers are^l more 
or less blunt. A horizontal lame or turning table, like a pater’s wheel, is also used for circular 
pieces, A few nicely planed boards, of various sizes, are required. On these boards an outline of 
scroll or other work required is drawn, the clay being placed thereon and modelled. 

Clay is modelled with the hand and wood tools, mostly by pressure. The clay adheres to wood 
or the turning table, when riightly moistened, and requires no other fixing. * 
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Models, made either in olayor woodj and which are intended for immediate nse, require to be 
made larger than the size given, by 1 in. to every foot. Brass castings, under 12 in. in i^e, shrink 
about in. to a foot in the mould. Large castings shrink about in. For this purpose it is best 
to construct a measure or rule properly divided, so as to save time and calculation. 

Should it be required, however, to make a metal pattern from the clay or wood, then the shrinkage 
will be double, and the model will require to be made % in. larger, a font every way, a second 
measure or rule being required. The real shrinkage is only <]^ths, but the other -^th is allowed for 
finishing. Patterns exactly rectangular do not draw well from the sand ; hence all patterns should 
be made with a taper of at least ^ in. to every foot. Sharp internal angles should be avoided, as 
they leave an arris on the sand, which requires mending. 

It is often necessary, in model making, to take impressions and oasts from existing works, which 
cannot be out up. In such a case an impression can be taken from it in guttapercha. To soften 
the guttapercha, either warm it in front of a fire, or place it in hot water, and knead it with the 
hands to make it of a uniform degree of pliability. After taking the impression, place it in cold 
water, otherwise the guttapercha will contract on cooling. Stucco is also used for this purpose, or 
a mixture consisting of four parts black resin, one part yellow wax. 

For complicated patterns, or where cores are required, melt twelve parts glue, to which add three 
parts treacle. 

Mouldings, and the like, can be quickly modelled in long lengths, by sweeping them up in stucco, 
or other material, by means of a board out to the required profile, as is done in loam moulding. A 
moulding tub is employed for small brass work; it must be very strong, constructed of wood, 
provided with sliding bars, and a number of 1-in. boards with cross-ends the size of the moulding 
boxes. 

The moulding boxes are similar to those already described, but usually smaller ; wooden cramps, 
fastened by screws and nuts, being made to clasp these boxes lengthwise. In large boxes, cross bars 
are sometimes oast across them, or the bars may be of wrought iron cast in. 

The details of pattern making, moulding, gates, runners, and other foundry details, have already 
been so fully described for iron, that it will be unnecessary to do more than briefly notice each 
process in the brass foundry, except where any material difference exists. 

Ordinary plain work is arrang^ according to circumstances in the flask. When only one or two 
castings are i^nired from a pattern, the pattern is wrapped into the flask, that is, the top part being 
rammed up, a portion of the sand is removed and the pattern inserted, or rapped in. After sprink- 
ling on some parting sand, the drag is placed on, and facing sand sieved in, after which the ordinary 
^nd is rammed in till the flask is full ; then the flasks, top and drag, are turned over so that the drag 
is lowest, when the top part is taken off and emptied, the face of the drag cleaned again, and dusted with 
parting sand. After this, the top part is put ou, and filled and rammed with facing and ordinary 
sand, as was done above. The top part is again removed, and the patterns withdmwn. In the 
process of parting the box and withdrawing the patterns it often occurs that part of the sand is 
torn away, which in consequence requires to be mended. This process of mending is a very tedious 
and costly one. When the moulds have been mended and finished, with gas and air outlets, and 
gates and runners for the inlet of the metal, the top and drag are put together, closed, and cramped. 
The mould is then ready to be poured. This mould is called a green-sand mould, not having been 
dried ; but if a fine appearance is required, the mould before being closed should be placed in the 
drying stove. When a lar^ number of any article is required, plate moulding, to which we have 
already referred at length, is very generally employed. 

When an opening, or hollow, has to be left in the interior of a brass casting, a core is inserted in 
the mould. This consists, as usual, of a properly shaped piece of baked sand, exactly the counter- 
part of the hole that is desired ; this is pla(^ in the mould to prevent the metal or alloy from 
running into the space. To keep the core in its position it is made a little longer or wider than 
necessary, so as to nave a bearing to rest on at each end. The pattern must have projections on it, 
80 €U3 to leave an impression in ihe sand to receive the end of the cores. Some cores have only one 
bearing, as in tlio case of undercut work, such as fluted columns and ornamental scrollwork. Innu- 
merable modifications in the size and shape of cores exist in every-day practice, and much skill is 
required in their preparation. 

Cores are usually made in boxes. Figs. 1317, 1318. Where it would be too costly to construct 
a core box, it may be dispensed with by moulding tlie pattern in sand, and casting it solid. A good 
composition for this pnrp^ is one of plaster of Paris to two of brick-dust, mixed with water. When 
cast and dry, scrape down to the form of the core. 

Cores, like moulds, must have pipages in them to allow of the escape of gases, otherwise the 
casting will almost inevitably be spoilt. A wire must be inserted in the core to make such vent, 
and be withdrawn just before opening the core box to remove the core. When cores are large they 
are supported with iron rods, round which they are built up. To give oonsistenoy to the sand used 
in making cores, about one-half should be pure rock sand, which contains a certain amount of clay, 
but not .generally enough, consequently the addition of clay water is necessary to give the sand 
cohesion. 

The cores must be dried in a stove, at a temperature not exceeding about 400° Fahr. When dry 
they should be blackwashed, or coated with a mixture of ground charcoal and water, with a little 
size ; this wash must be dried on in the stove, when they are ready for use. 

In green-sand moulds it is advisable not to insert the cores till just before pouring, so as to 
prevent their absorbing moisture. 

When a thin brass casting is required, the upper half of the mould is moulded from the oppo- 
site impression, and a thin packing piece of clay or other material is placed between the two boxes 
to keep them the required distance apart. When it is desired to mould small animals, butterflies, 
leaves, or other delicate and intricate objects which can bo' consumed by fire, they are suspended in 
a box, surrounded with a mixture of two of brick-dust to one of plaster of Paris, mixed with water. 
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This mould is placed in a fumaoe to oonsume the pattern, the remains being shaken out as fiar as 
possible, and the metal poured. 

The air crucible furnace is that in which brass is usually molted, but when largo castings 
are made, as those required for marine-engine work, or for ecclei^iastioa] furniture, a reverberatory 
fumaoe will be found most suitable. 

Brassfounders* air furnaces are most frequently sunk below the floor level, the ash pit being 
closed with a hinged iron grating. The covers for the furnace top may be either of cast or wrought 
iron, and should be of a dome idiape ; there should bo a damper in Uie flue. The interior of the 
furnace must be lined with flrebric^ set in fireclay. 

The crucibles used are either made of black-le^ or Stourbridge clay. The latter are cheaper, 
but less durable than the black-lead, and require to be carefully hardened by a gradual exposure to 
high temperatures. 

In mixing and pouring brass the least volatile metal should be melted first, the others being 
plunged under the molten metal with tongs, in small lumps, which must be hot and quite dry. The 
reason that the metal should be hot is that it may remain dry after being dried, as the steam from 
any slight moisture on it when placed in the melting pot would probably send the molten metal 
spirting about in all directions. 



Figs. 1359 to 1362 represent an ordinary melting furnace, but in large works this arrangement 
is somewhat modified, the ordinary opening to the ash pit is stopp^ up, and fan-blast is ad- 
mitted under the furnace bars ; the mouth of the furnace stands about 8 or 10 in. above the floor. 
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Tho fire bare ehould bo so arranged, that on moving the front bearer a little forward, the front end 
of the bars will drop down, so that the fumaoe can bo easily and quickly cleared from ashes and 
clinkers. 

The fuel for tho brass furnace is hard coke, which is broken up into lumps the size of a man's 
fist. The crucible is placed bottom upwards in the fire, so as to get it thoroughly heated ; it is then 
removed with tho tongs, turned right side up, and bedded on a slab of fireclay or firebrick, covered 




over with its lid, and the lire neatly banked up around it. The metal is then placed in the 
crucible, the cover put on the mouth of the furnace, and the damper is opened to increase tlie 
draught ; ihe crucible then remains until the metal is down. It is usual to throw in with the metal 
some charcoal dust or broken glass, which floats on the surface of the molten metal, and prevents 
oxidation. In feeding the metal into tho crucible, put the copper or old brass in small pieces until 
it is nearly full. When this is well melted, add the tin, and mix it well in ; then throw in a few 
small pieces of zinc. If the zinc flares up, throw the rest of it into the pot, stirring it in well; then 
lift the pot from the furnace, skim off the dross, and pour into the mould. 

When placing the zinc in tho crucible, drop a piece of borax as large as a walnut into it, this 
is done to prevent the loss of zinc which goes off in the fumes. If the surface of the hot metal is 
covert by fine charcoal or borax, which is prevented from burning, by being renewed, or by broken 
glass, the loss of zinc is reduced to a minimum. 

If, however, when the small trial pieces of zinc are thrown in, they do not flare up, throw on a 
little coal to make the fire brisk, and cover it over till it oomes to a proper heat. Then, as soon as 
the zinc begins to flare, add the rest. If old brass alone is melted, no tin is required, but a small 
quantity of zinc. If port copper and part brass, add tin and zinc in proportion to the new copper, 
with a little extra zinc for tho bnlss. To prevent volatilization, charcoal, or broken glass, may be 
spread over the metal wlulst being melted. If the metal is poured too hot the casting will be sand 
burned, and its colour impaired. Tho best castings are obtained when the metal is at such a 
temperature that it will cool quickly. Heavy castings should, therefore, be poured last. The metal 
must be carefully i^mmed. Small work is ^ured vertically, largo work horizontally. 

As soon as the brass is poured, it is usual to open the boxes, and to sprinkle the castings with 
water from the rose of a watering pot, which makes the castings softer than they would otherwise 
be. When the casting is completed, let the fire bars drop, clear the furnace from ashes and clinkers, 
and place the pot amongst them to cool gradually. In a well-arranged foundry, when work requiring 
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a good supply of metal is undertaken* there are generally three or four such fnmaoes standing in a 
row* each having a separate flue lea^ng to the chimney* which varies from 20 to 40 ft. in height* 
the more lofty it is* the better the draught. Each furnace has a damper to regulate its Are. in 
order to ensure constant work* it is quite necessary to have several furnaces, to allow of the necessary 
repairs to the lining, or other part^ being effect^ to one or other of the furnaces, whilst the re* 
mainder are in operation* The lining quickly bums away, and when the space around the cruoible 
becomes larger than 2 or 8 in., a waste of fuel ensues. Boad scrapings are often used for the linhig* 
these contain siUoa and alumina ; or refuse sand from glass grinders* containing flint glass, may 
be employed. The lining, mixed with water* is laid on like cement, and a bri^ Are is at once 
started in the furnace, which glazes the lining. 

The usual charge for a furnace of this description is from 50 to 60 lb.* but of course, when 
several furnaces can be set to work, a casting of greater weight can be obtained. When* however, a 
casting of more than 2 cwt is required, it is preferable on the score of economv to melt in a 
reverberatory furnace, as is done when statues* bells* and works of large dimensions nave to be cast. 

For small work the gas blast furnace is extremely convenient and economical, it is also very 
dean in working* and can be placed on an ordinary wor^hop bench. The cover and pipe over the 
crucible must m of fireclay* as the most intense heat can be obtained by this bandy little con- 
trivance. 

Oracible tongs of various sizes are employed ; they should be strong and well pinned together* 
so as to hold the crucible firmly. 

Drying stoves for brass, when large, do not differ from those described at p. 661 ; when small* 
they consist of small chambers made of sheet iron. These can either bo heated by a fire inside* or* 
what is much better, by steam jackets lieated with the exhaust steam from the engine. 

Bronze fine-aH work has for a long period been skilfully practiBed in France, and both for design 
and execution the results obtained by French artists and founders are still unequalled, it is soarcmy 
too much to say they are unapproached. During the reign of Louis XIV., alloys of 91*3 copper, 
1 to 2 tin, 5 to 6 zinc, and 1 to 1*5 lead, were used. Another mixture employed was 82*4 copper, 
10*8 zinc, 4 tin, 3*2 lead. 

In a fine-art foundry, if the works generally to be produced are small in size, the moulding is 
done on benches, and the moulders work vis-a-vis at the same bench, which is divided by a longi- 
tudinal partition, provided with a shelf for tools. Small and unimportant pieces may be moulded 
in green sand, large works in loam, but the greater portion of general work is moulded in dry sand. 
The sands are mixed in proportions carefuUy regulated according to the nature of the work for 
which they are intended, and the mixture is r^uc^ to a uniform fineness by being passed between 
cast-iron rollers. The sand is then damped and sifted. The moulding boxes are of cast iron, 
accurately fitted, the edges being planed true. When the objects are to be finished in the lathe 
the patterns are sometimes of w^, but most frequently bronze models are mode, and are truly 
finished to the desired form. Many other substances are used for models, such as plaster, wax, 
fusible metal, porcelain, and glass. 

For facing sand a mixture of potato starch and charcoal dust, or fine white flour, is used ; but 
charcoal dust is the favourite material. 

Sand cores are used for all hollow pieces, unless these are to be cast in loam, or are of a large 
size ; in the latter case the cores are of loam. In bronze statue casting, the thickness of the metal 
should be as nearly uniform as possible, otherwise work will be dislortea from unequal contraction ; 
bronze contracts considerably on cooling, the extent depends upon the proportions of the constituent 
metals employed in its composition, and varies from 1 to 2 per cent. Ti^ contraction is found to 
increase in ratios with the size of the casting. 

The perfection of bronze work is said to consist in having the mould very highly finished, and 
obtaining a bright sharp casting, which shall require only a minimum amount of subsequent 
chasing and tool- work, thus leaving the skin of the casting as far as possible undisturbed. 

Best Engli^ or Straits tin, and very pure South American copper, which latter is purified by 
liquation, are the metals employed. A proportion of gates and runners may be added, but this is 
only done when the proportions and quality of their ingredients are known, and no old bronze guns, 
old copper or brass, or other material of unknown and variable composition, should be used, as it is 
considered impossible to rely upon obtaining a first-rate casting from such uncertain ingremeuts. 

The moul^ are placed in cast-iron boxe^ which are placed in a naked pit. A reservoir formed 
of sand with a charcoal facing is employed, into which the contents of the crucibles or air furnaces 
are drawn. This reservoir communicates with the main gate of the mould, and as soon as a suffi- 
cient quantity of metal is in the reservoir, an iron pli^ in the bottom is removed, and the metal 
flows into the mould, from whence the surplus passes off by rising heads, which are purposely 
small for fear of distorting the casting from too great a pressure. The gas evolved during the 
pouring is fired at the rising heads by a torch. 

Bronzes which are intended to be coated with enamel, have their surfaces specially prepared for 
its reception, by cloisonni, or partition, work. This process is a somewhat tedious one, and requires 
great ^ill on the part of the moulder. The outlines of the desi^ for the enamel are described 
small thin partitions of bronze, projecting upwards from the main body of the work less than a 
twenty-fifth part of an inch. Thus the bronze lias its surface covered with a network of fine lines, 
and when the enamel is baked into the shallow cells so formed, the enamel and the bronze 
partitions are ground and polished to a uniform depth. These partitions serve two useful pur- 
poses, they describe the outlines, and they tend to hold the enamel firmly in position. 

In finishing patterns for this class of work* evexj irre^larity in the cells and partition walls has 
to be cut out, and great care is necessary not to injure the surface. 

When such patterns are finished, they represent a oensiderable value in skilled labour* and are 
extremely delicate, consequently they are kept covered up on soft cushions, away from danger of 
accidents damage. 
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The founding of statuee is a very ancient branch of the art, and among early methods, the most 
familiar is known as the oire-perdu, or waste-wax process, which was still in vogue when the 
present system was introduced, and a comparison between the two will best illustrate the progress 
now accomplished. The cire-perdu process required great care, and could only be carried out 
effectively by the sculptor or modeller himself. Thus let us suppose, for the sake of simplicity, 
that the object to be reduced is a portrait bust measuring 4 in. in neight and 3 in width. The first 
step would be to model in sand, or a mixture of porous cement, the outline of the bubt, taking care 
to make it on every side } in. smaller than the size it was designed to give to the finished, statuette. 
'j?his core must be coated up with wax to make up the deficient i in. This much might be accom- 
plished by an ordinary workman, but for the rest the services of the artist are indispensable. With 
great delicacy of touon he must work up the likeness and texture of his subject on the wax. 

The portrait completed, five or six pieces of wire must be pushed through the wax into the sand 
outline or core. It is now necessary to coat over the wax with liquid sand, applied most o<irefully 
with a fine hair-brush. When a few coats of this sand have been made to adhere to the wax, the 
statuette is surrounded by an iron frame, and the frame is filled up with sand mixture. The firame 
is generally about twice the size of the statue. When all is ready, this frame is removed with its 
contents to a warm place, so that the water may evaporate from the sand and the latter gradually 
consolidate. Holes must then be cut at one end through the outer sand casing to the wax, after 
which the frame is baked in a hot oven. The wax melts and runs out of the small perforation, 
leaving a space between the inner core, maintained in its position by the wires, and the outer 
mould, which latter bears the faithful impression of the modelling bestowed on the wax. The 
holes through which the wax escaped are now used for the purpose of introducing the molten 
bronze. 

The method now pursued is more scientific, and involves piece-moulding. Taking a small 
section of the statue, the workman forces the sand by striking it gently with a mallet into every 
fissure and crevice of a plaster model imbedded in sand, and thus obtains an accurate impression of 
that part of the model on which he has been working. Having completed one piece, he proceeds 
with another, till, by putting the pieces together, ho can cover that part of the statue which is 
exposed out of the sand box. The model is then lifted from its bed, turned round, impressions taken 
of tlie other side, and when this is completed the model can be removed uninjured. 

The pieces of sections of the sand having the impressions of the model are fitted together in 
their relative seatings within the two halves of the mould box. A core is made in the impress a 
little smaller in size, so that when this is placed within the mould, there should remain all round 
a margin between the mould and the core equal to about in. in thickness. The core and the 
pieces which constitute the mould being secured in their respective places, the whole is then 
stoved. Vents for the foul air and gas must also be provided, and runners to enable the metal to 
penetrate rapidly the margin between the core and outer mould, after the bronze has thus been cast. 
Owing to the intricacy and fineness of the model, it sometimes requires a great number of pieces 
to make the mould, and several months’ work to finish successfully, even a group small enough to 
be stood upon a mantelpiece. One of the great advantages of this new process is the fact, that if 
the casting fails, the artist’s chalk model, the result perhaps of infinite labour and of an inspiration 
which may never be repeated, remains unaltered. A new mould may be taken from it, and the 
second cast prove a success. The statue may thus also be reproduced as often as desired ; while with 
the old process the artist’s work was carried away for ever as the wax melted, and if Uie cast 
proved a failure, there was no longer any record remaining of the work done and lost. 

Small bells are generally moulded in sand from a metal or wooden pattern, and the sand mould 
is dried in a stove. Having before described such moulding, it will not be necessary to enlarge 
here upon the casting of small bells, of less weight than, say, 112 lb. The most important point 
in the art of bell founding is the proper form to give a boll to obtain the desired tone, which is also 
dependent upon the mehu used. 

Large bells are moulded in loam, in the same way as the large pan, Fig. 1319. The core is built 
in brick on an iron platform, which must have snugs in case the mould is made above ground. This 
brick core is covered with { in. or 1 in. thick of hair loam, and the last surface washing is given by 
a finely ground composition of clay and brick-dust. This latter is mixed with an extract of horse- 
dung, to which is aaded a little sal-ammoniao. Upon the core the thickness is laid in loam sand, 
but the thickness is again washed with fine clay to give it a smooth surface. Ornaments which 
have been previously moulded, either in wax, wood, or metal, are now attached by means of wax, 
glue, or any other kind of ooment. If the ornaments are of such a nature as to prevent the lifting 
of the cope without them, for the cope cannot be divided, the ornaments are fastened to the thick- 
ness by tallow, or a mixture of tallow and wax. A little heat given to the mould will melt the 
tallow, after which the ornaments adhere to the cope, from which they may be removed when the 
cope is lifted off the core. The thickness must be well polished ; and, as no coal can be used for 
parting, the whole is slightly dusted over with wood ashes. The parting between the core and the 
thickness is also made with ashes. The cope is laid on at first by means of a paint-brush, the paint 
consisting of clay and ground bricks, made thin by horse water. This coating is to be thin and 
fine ; upon it hair loam, and finally straw loam is laid. 

The crown of the bell is moulded over a wood pattern, after the spindle is removed. The iron 
or steel staple for the hammer is set in the core, into the hollow left by the spindle. It projects 
into the thickness, so as to be cast into the metal. The facings of the mould ought to bo finished 
when the oope is lifted off* Small defects occur, and are, if not too large, left as thejr are ; the 
excess of metal in those places is chiselled off after the bell is oast. All that can be done in polish- 
ing the facing of the mould is to give it a uniform dusting of ashes. When the mould is perfectly 
dry, it is put together for easting. The core may be filled with sand, )f preferred, but there is no 
harm done if it is loft open ; for bell metal does not generate much gas, and there is no danger of 
an explosion. The oope is in some measure secured by iron, but its chief security is in the strong, 
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well-rammed sand of the pit. The oast-gate is on the top of the bell, either on the crown, or, if the 
latter is ornamented, on one side of it. Flow gates are of no use here, the metal must be clean 
bafore it enters the mould : there is no danger of sullage. 

Another plan is to make the cope of iron larger than would fit the bell ; this is lined with loam, 
turned true by means of an inside instead of an outside sweep, and the junction being between an 
iron plate at the bottom of the core, and the fiange at the bottom of the cope, they can be fitted 
together more accurately than the clay core and cope could be, and, moreover, bolted together, so 
as to resist the bursting pressure of the melted metal, instead of having to rely merely on the sand 
with which the pit is filled, and such weights os may be placed upon it. The core and cope are 
both made very hot before the pit is closed in with sand ; mr that is neccssa^ to prevent too rapid 
cooling, which makes bell metal soft, indeed, if the cooling is very rapid, it will make the metal 
malleable. 

The mode employed in casting a large bell in England is thus described : The metal was twice 
melted ; it was first run into ingots of bell metal in a common furnace, and then these ingots were 
melted and run into the mould from a reverberatory furnace. The ingots were only in the rever- 
beratory furnace two and a half liours before the mebil was ready for running, and the whole 
16 tons were run into the mould in five minutes, quick running being considered essential for the 
production of a sound casting. 

Cleaning and Dressing Castings, — The casting in foundries is generally performed in the afternoon, 
so as to make it the last business of the day. This time is chiefly selected to escape the heat of 
the hot sand after casting, which will then cool during the night. After casting, the castings are 
removed, and the moulding boxes piled in a comer of the building, so as to be handy for the next 
day’s work ; water is sprinkled over the sand, it is then shovelled over, mixed, and thrown in 
heaps, where it remains during the night. If the latter work has been properly performed, the 
sand will be of a proper and uniform dampness the next morning. Etich moulder takes charge of 
his own' sand, ana but little practice is required to learn the proixjr amount of water to be used in 
damping the sand. 

When the metal of a cost is so far cooled as to be strong enough to bear removal, the moulds are 
taken apart, and the sand or loam is removed from the casting. Small caslings require but a few 
minutes to cool, while heavier casts take hours and even days. A massive casting, such m a 
forge-hammer of 5 tons weight, will take twenty-four hours cooling in a green, and forty-eight 
hours in a dry mould. The excrescences, fins, spurs, and all ragged edges, which may hmipen to 
have been formed in the partings of core joints, are broken off as soon as the cast is removed from the 
mould. The gates are, at the same time, broken off by the moulder; it reauirt*s some degree of 
skill to break a gate off smooth. Heavy castings are chained to a crano and hoisted by it. Very 
heavy castings require the united strength of two or more cranes. Small castings are removed 
from their moulds by tongs ; one, two, or more persons taking hold of a casting at the same time, 
carry it to a place termed the fettling shop, designed for the reception of hot castings. I’rojcctiong 
which cannot be removed in the foundry, are chiselled and chipped off in the yard, or in the 
fettling shop where the casting is roughly prepared for further work. Heavy cores, and particularly 
ban! cores, are removed in the foundry ^fore the casting is entirely cold. 

The cleansing of castings is a simple operation in an iron founary whero common castings are 
made. The first is done by means of chisels or sharp hammers ; the latter, with dull, coarse files, 
which have been used or rejected by machinists. Cast-iron files are also used for the latter purpose. 
The trimming and cleansing of valuable castings is generally entrusted to skilled workmen, and on 
such articles as statues, the artist himself genorally works out the details of the more important 
points. 

Grindstones are largely used in fettling. They should be of a hard, close-grained, sharp 
quality, free from veins, and uniform in colour. The stones are generally driven by steam-power. 

Neither files or grindstones, however, fettle so well as emery wheels, which are formed of emery 
of requisite coarseness, mixed with a cementing material. 

Small blocks of consolidated emery may be used with great advantage by hand ; but the proper 
result is obtained when the form of a circolar disk is adopted, and the same rotated at a high 
speed. 

See Cast Iron, Fans, Lifts, Hoists, and Elevators. 

GAS, MANUFACTUBE OP. 

The manufacture of gas being baaed upon the distillation of coal, it may be well to commenoe 
the consideration of the snbjeot by briefly classifying the coals employed. Lignite or brown coal 
has but small interest for the gas manufacturer, but a variety of lignite wliioS nearly approaches 
the bituminous caking coals in composition, and termed pitch coal, m of somewhat small value to 
the pis producer. Caking coal, found in almost all the coalfields of Great Britain, but chiefly in 
the Newcastle and Wigan districts, is the chief material from which ^as is produced. Cherry or 
soft coal, sometimes termed peacock coal, is similar to caking, but does not fuse when heated. 
Bplint or hard coal, chiefly used in metal making, smelting operations, is largely employed for 
the reason that it ^^elds an excellent coke. Catinel coal has been kirgely used for the manu- 
facture of gas, but the manufacture from this coal only has not been attended with oommeroial 
success. 

As to the gas-producing power of the various tsoals, the amount of illuminating gas and the 
illuminating power depends chiefly on the proportion of hyilrogen contained in the coal. The state 
of combination of the hydrogen may be said to be unknown, except that under the influence of heat 
the compound breaks up and recombines to form the gaseous cf^mbination of carbon and hydre^en to 
which the luminosity of the gas flame is due. There is always a residue of free hydrogen, (kinnel 
coal owes i^ value to the. fact that it contains from 6 to 10 per cent, of hydrogen. The oxygen 
contained in the coal must have some influence upon its illuminating quality, since it influences 
the quantity of the known illuminaiing gas carbonic oxide and that of carbonic acid. Oxygen also 
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determines the production of oxygenated compounds in the tar, such as carbolic and cresylic acids. 
The gas-producing power of a oc«I can only be satisfactorily ascertained by trial on a working scale, 
although experiments on a small scale will yield a result sufficiently approximate to accuracy for 
practical purposes. These testing apparatus are generally miniature gasworks, in which about 
o lb. of coal are operated upon at a charge. Bower’s apparatus, which it is unnecessary to illus- 
trate, consists of a vertical retort fixed in an iron case, complete in itself without brickwork, beyond 
that required for lining and protecting the case. The casing is fitted witii tw'o furnace doors and 
frames in the cast-iron top plate. The retort, supported by a fiange resting on the top plate of the 
casing, is fitted with a vertical mouth-piece and cover, removable for charging, and a side outlet 
for gas and other products of distillation. The retort is made conical in shape, fixed with the 
larger diameter downwards, so that the coke may readily leave the retort when the cover and disc 
plate has been removed, which is easily eifected by a hand lever. The bottom lid or discharging 
aoor is fitted with a projecting disc plate, made to enter the retort so far as to receive the charge of 
coal above the fire bars, where the retort obtains proper heat. The apparatus for purifying the 
gas produced contains in one vessel the hydraulic main from the retort, the condenser, and 
purifier, and the apparatus is completed by a self-sustaining gas-holder, 5 ft. in diameter by 
2 ft. 6 in. in height, containing 50 cub. ft. Sugg employs a somewhat similar apparatus, in which 
the retort is capable of carbonizing 2*24 lb., or the ^ 1 some applica- 

tions of this testing apparatus the case holder would be^me of inconvenient size but for an arrange- 
ment, devised by W. Mann, of meters of equal size fixed one on the top of the other, the drum 
shaft of each being connected in such a manner that one drum cannot revolve without the other. 
At the back the inlets of both meters are connected to the same pipe. The outlet in the lower 
meter is conducted to a flout of lights, and that from the upper meter led directly to the gas- 
holder. The capacity of the meters being ec][ual, one-half of the gas passing from the retort is 
led away to the float and consumed, while the other half goes to the gas-holder and is stored for 
further trial. When coal is carboniz^ at a temperature of 600®, a temperature at which the heat 
is only just visible in a dark room as a faint red, these volatile parts are nearly all converted into 
liquids as tar or oil and water, with the evolution of only a small quantity of gas, equivalent to a 
few hundred cubic feet a ton of coal, the coke remaining in the retort being of a soft friable 
character. By this process the oil or tar from boghead or other cannel coals, ashes, and bituminous 
substances is obtained, purified, and sold as paraffin oil. As the heat of the retorts is increased the 
quantity of gas is incrctised, and at a temperature of 980®, the yield from a ton of Newcastle coal is 
about 6000 ft. At this temperature there is no practical accumulation of carbon in the interior of 
the retorts, and only slight deposits of carburet of iron in their exterior even after a year’s operation. 
When the temperature is further increased a larger volume of gas is obtained, the quality of the 
coke improved with a smaller yield of tar, and at 1400®, a quantity of 8000 cub. ft. a ton of New- 
castle coal is produced. Between this temperature and 2000® the yield is increased, but the quality 
is somewhat lessened ; about 2000®, or at a dull orange beat is probably the best for the production 
of gas and coke from caking coal. A higher degree of heat, while it produces harder and brighter 
coke, reduces the quality of the gas. Above 980® the olefiant gas is decomposed and its carbon 
deposited on the walls of the retorts. This deposit is nearly proportional to the diameter and 
pressure of gas within the retort, but by reducing the pressure by an exhauster or other means, 
the deposit, as far as that which is due to pressure is concerned, is removed, tho residue being 
due to the effect of temperature. 

Cannel as a rule is more easily distilled than caking coal, and gives off its gas in about one- 
sixth less time. With cannel the first hour of carbonization is usually the most productive, but in 
the carbonization of caking coal, the second hour is that during which the greatest amount of gas is 
generally produced, during the first hour the moisture couverted into steam absorbs considerable 
heat, and condensable hydrocarbons are chiefly produced. When tho final temperature is high 
the coke is a grey colour and is bard, but is always porous from the passage of the gas through it. 
The length of time required for extracting the whole of the gas from any ordinary charge of coal is 
controlled by the heat of the retort. Amongst gas engineers there is considerable difference of 
opinion as to the method of operation in carbonization, some prefer small charges of short duration, 
in this case the labour is proportionally increased, but excess of charges give a low production of 
giis ; as a general rule, in closing the door of the retort the gas should issue with a vivid flame, if 
this is not the case the temperature of the retort .is too low or the charge is too heavy. , Ghisworks 
properly constructed with a production of 2^ millions cub. ft. per annum, should sell 25 per cent, 
of the coke produced when making 20 millions cnb. ft., 60 per cent. Many of the English 
companies sell 81 to 83 per cent, of the coke they produce. 

To furnish sufficient temperature for carbonization a draught of air to the furnace is necessary, 
and if the flame issues from the sight holes of the retort setting, there is either an insufficient 
supply of air by the damper being too far closed or the lateral flue is stopped. If the whole of the 
beds are similarly affected the main flue may be blocked, or the shaft of insufficient capacity ; the 
fire bars of the fmmaoe should always be kept clear to allow the free passage of air to the fuel. When 
ordinary coke is used a slag or clinker requires removal about once in every twelve hours, and the 
bars should be cleared at intervals from beneath by a pricker. To economize fuel in the furnace 
a sufficient damper control is necessary to prevent waste from too great influx of air. Goals 
intended for gas-making should be kept from the rain. Oannel readily dries when placed before 
the furnace ; the slack coal contains moisture for a long time. When coals are placed in the retort 
in a wet statq, the steam produced not only absorbs heat, thus increasing the production of ter and 
lessening that of gas, but it adds to the sulphur impurities by its own decomposition in presence of 
protosulphuret of iron. To prevent loss of neat by radiation the retort house should not have too 
many openings, and all these with the exception of the doors should be above the level of the retort 
benones. The walls forming the backs of the settings and the end walls should be not less than 
2 ft. thick, inoludin^^ the firebrick facings ; the arches should be protected by 18 in. of common 
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brickwork on the top of the crown. The lateral and main fluea should be enclosed on their tops 
and sides to a thickness of 14 in., than which the front walls of the settings should never be less. 
Sight boxes, which are only necessary for the observation of temperatuie, when used with clay 
retorts, should not be in excess ; two for a bed of five retorts are sufficient and should be of 2} in* 
or S in. diameter, their plugs being filled with fireclay. All beds when not in use and near retorts 
in operation should be bricked up, and the retorts have a 9*inch wall built within their mouths, the 
furnace bar and ash pan should be similarly closed, and the dampers fixed and luted with fireclay. 

The first process of gas manufacture is the carbonization of the coal, which is effected, as has 
been described page 1610 of this Dictionary, in retorts. The bunch of retorts in large gasworks is 
usually placed in the middle of the retort house. The retorts are built in ovens or settings, and 
are generally preferred open throughout their length with mouth-pieces at both ends. The first 
process is the heating>up of the retorts, by furnaces, one at each end in front of the bench. These 
are charged, and the heat kept up with the residu^ coke after the coal has been carbonized. 

Sometimes, but principally in cannel gasworks, a quantity of tar is introduced above the furnace 
to assist the coke ; another way of applying tar is by running a slender stream in the centre of the 
bench. An air flue must be carried in the brickwork to the place of combustion, so that the tar 
may be properly consumed. Tar is. however, generally found superfluous for ordiuarv heats, and 
is only used when it is necessary to charge the retorts more frequently than every six houra The 
flame and hot draught of the furnaces are caused to circulate throughout the setting, traversing as 
neat a space as possible, round, under, and above the retorts before egress is allowed to the main 
flue. Evaporating chambers, where the wet lime, when foul, is run from the purifiers, are usually 
built in connection with the main flue, and the heat thus utilized to reduce the lime to a pulpy 
mass, used for luting the retort lids. 

The retorts when sufficiently heated are charged at each end with a scoopful of bituminous 
coal, after which the lids are screwed up, and the process of distillation commences. 

Light oarbnretted hydrogen, free hydrogen, ammonia, and other light gases, are rapidly evolved 
during the first hour of the charge ; and, following these olefiant gases, mixed with some of the 
heavier impurities, gradually begin to rise towards the latter hours of the distillation. Oarbonio 
acid, sulphur, and other heavy vapours, are freely given off, so that it is at all times false economy 
to protract the distillation beyond the ordinary period ; the additional cost of purifying materiGd 
and extra labour, besides depreciation in the quality of the gas, more than oounterbalaucing any 
extra quantity that may be obtained. To define the time for distillation is, however, practically 
impossible. 

Seven retorts in a bed is the number stated to combine most profitably the saving of fuel with 
production of gas manufactured when using common bituminous coal. Figs. 1363 to 1365 are 
a front elevation, transverse section, and longitudinal section respectively, of snob an arrangement. 
In cannel works three to five retorts are a maximum, but in these much higher heats are required ; 
the retorts being charged oftener, the heats are more difficult to maintain. 

The advantages of fireclay and iron as materials for retorts were long discussed among gas 
engineers, but fireclay gradually gained favour, and is almost universally adopted. 


1363. 


1364. 



Round, flat D, and oval are the shapes employed, and each has its advocates. 

Flat D retorts have a more extensive and equal heating surface than the others, and 
aewunt are supposed to produce a larger quantity of gas a ton of coals carbonized ; but 
seldom found to expand and contract equally, and, however carefully protected, the comet 
furnace invariably succumbs to the fire. 

Round retorts contract and expand equally, and are always found to be gnore durable, but If 


on that 
they are 
next the 
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made of a large Biee do not give good xeflulte in carbonizing. They are generally, for convenience, 
eet with others of the oval shape, and these having the advanta^, from their form, of a larger 
heating surface, combined with the strength of an arch, and regularity in expansion and contraction, 
manufacture more gas a ton than the round, and are nearly as durable. 

Clay retorts, when first heated, have a t^dency to crack, caused partly by expansion, partly by 



the expulsion of va^ur from the clay. The effect of expansion cannot be avoided, but injuiw from 
the expulsion of moisture mav be almost entirely prevented by a slow and oaieful process ^ hating 
in which case the retorts will gradually acquire their intended colour without perceptible dflunai^ 
Similar caution ougli^ also to be exercised in cooling down when the oven is no longer r^uiredxcr 
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the season ; ooptraotion if allowed to take place too suddenly, being most destmotive in its effeots^ 
and great care should therefore be taken by closing up every aperture by which air can gain 
admittance after the fires have been withdrawn, to sustain as long as possible the dead heat that is 
inside the bench. 

Figs. 1365 to 1369 are sections of retort settings generally adopted. Fig. 1866 is the method of 
setting retorts at the Chartered Gasworks ; Fig. 1364 the method at the Commercial Gasworks ; 
Fig. 1369 at the Imperial Works, St. Pancras ; 1367 at Gkisworks at Valparaiso; Fig. 1368 at 


1368. 


1369. 



Westminster; and Figs. 1370, 1371, are of Henderson’s superheated steam retort. The object 
of this latter arrangement is improving the quality of the gas by the decomposition of the tarry 
vapours. The retorts are of iron, cast witli a double bottom, so as to leave a space of about to 
2 in. between the bottom on which coal and creosote are placed, and exposed to the fire. In this 
space an iron steam-pipe is placed, f of an in. diameter, screwed into the bottom of the mouth- 
piece, and extending nearly to the back of the retort. A similar pipe is connected with the boiler 
of the steam engine, but |>laced in the npper part of the main flue, so as to be exposed to tiie 
waste heat from the retort furnaces ; by this means the steam becomes highly heated berore entering 
j retort. The steam on issuing from the open end of the pipe at the SacK of the retort, acquires 
additional heat, by passing over the surfaces of the bottom of the retort. On reaching the front it 
comes in contact with the vapours and gases generated from the mixture of coal and creosote, which 
arc ^rried away by a jpipe at the back of the retort. In largo works, and with clay retorts, the system 
cu through setting, with double mouth-pieces, is the most economical, both for fuel and durability. 
But this apangement is open to objection. If the retorts are used fur the generation of g;a8 of 
high illuminating power, flie increased surfsoe over which the gas passes after it is eliminated 
from the coal, exposes^ it to the probability of decomposition, and the consequent deposition of its 
carbon. That this action occurs is observed from the amount of solid carbon, or graphite, found on 
the inner surface of the retorto. In through retorts this deposition is due to two causes ; in 
charging the retort with coals, either by the scoop or shovel, the centre of the retort seldom receives 
the proper quantity of coal, and as this part is always the hottest, the gas generated from the 
thinner stra^m of ^ is expo^ to intense heat, and is speedily decomposed, liberating the 
hydrogen and depositing the carbon. Another cause of this ^posit is Mnt of uniformity in the 
nrmuro in the two hydraulic mains ; a slight resistance causes more gas make the course offering 
least ODstruction, and as the particles of gas thus pass over a larger amount o( heated surface, they ^ 
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are exposed to the greater risk of decomposition. Several expedients have been suggested as a 
remedy ; one is to use a valve to each ascension pipe, so as to dispense with the dip^pipe when the 
retort is working; another is to have only one hydraulic main, placed over the centre of the ovens, 
and both mouth-pieccs connected to it by a single dip-pipe. 

The maMal^ of which the retort is made, will exert a very important influence on the produc- 
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The high temperature at which clay 
retorts are worked tends to produce 
a very large quantity of carbonic 
oxide and hydrogen, by the decom- 
position of the oliflant gas and hydro- 
carbon vapours. It is frequently 
asserted that by the use of richer 
cannel coals, the excess of non- 
illuminating gas is rendered highly 
luminous, by becoming saturated with ! 

the hydrocarbons given ofif from the { 

richer coal; but tMs is only true to i 

a limited extent, for the mixture 
undergoes rapid deterioration, con- 
sequent on the liquefaction of a large 
portion of these hydrocarbon vapours. 

lletorts are now charged and dis- 
charged mechanically. In J. West’s 
first arrangement, the charger, Fig. 

1372, is a wrought-iron carriage run- 
ning on wheels W. The carriage is a 
partly open at the top T, and the 
bottom consists of a plate divided into 
a number of parts of equal width. Be- 
neath the l^ttom there is a second U 
sliding plate, having parts of the same H 
width as those of the charger, so that ^ 
according to the position of the sliding plate, the ports may be opened or closed. At the front of 
the charger, there is a coupling arm, for the attachment of a long rod. This arm is free to 
revolve, and has affixed to it a bevel wheel, gearing into a second bevel wheel, which 
attached to a crank actuating the port slide. A half turn of the arm suffices to move the slide 





the required extent, to cover or to uncover the bottom ports of the charger. The wheels are ser- 
rated. The object of this is to secure a slip^ht vibration of the charger when running, and the 
certain delivery of the coals. The mode of discharging has however been altered in more recent 
arrangements. 


g-B- 
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A trolly T, Pig. 1372, formed of a framework of wrought iron, with mnners B, travels upon rails 
laid in front of the retort benches. This trolly carries a hopper, and sliding stage 8, which may or 
may not be attached to each other, suspended W chains carried to a winding drum D, so as to be 
easily and expeditiously ad[justed by the wheel W, to the height to suit retorts at different elevations, 
^e bottom of the hopper terminates in a rectangular shoot of nearly the same length as the 
space T, at the top of the charger. This shoot is fitted with a four-bladed roller, the spindle of 
which projects through the end of the shoo^ and is provided at H with a handle. The trolly is 
moved along the rails by turning the propelling wheel P, which rotates a pinion gearing into a 
spur wheel afQxed to the shaft of two of the runners B. Attached to the back of the sta^e there is 
a drawbridge B, which spans the space between the stage and the retort mouth-piece, and is lowered 
or raised by a rod. 

The charger being placed upon the sliding stage, and the latter adjusted to suit the elevation 
of the retorts to be charged, the handle H is tum^ a few times, and the coals fall from the hopner 
and fill the charger, to which has previously been attached a long rod with a cross handle. The 
bridge B is lowered, and the charger driven by one man to the back of the retort ; a half turn is 
then given to the handle, and the bottom ports are opened, the charger is drawn forward, and by 
the time it reaches the mouth-piece will have deposited the coals it contained in an even layer 
about 3 in. in thickness upon the floor of the retort. When the charger reaches the stage, the 
bridge is raised, the trolly moved on to the next retort, and the operations are repeated. 

Fig. 1373 is of West’s apparatus for drawing retort charges. A curved arm is^welded near to 
the end of the drawing rod, and to this is attached a kind of slipper S, so that when pushed into 
the retort the slipper takes an easy bearing on the coke. The rake consists of a semi-disc D, of 
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nearly the width of the retort, suspended freely upon the curved end of the rod, so that it always 
hanM in position. When the rake is pushed forward the slipper B is of course downwards, but on 
reaching the back of the retort a half-turn of the rod, B, B throws the slipper upwards, and allows the 
rake to fall into position for drawing, while any tendency on the part of the rake to rise and slip 
over the coke is checked by the immediate cont^t of the slipper 8 with the roof of the retort. The 
rake rests on sheaves P attached to a light framework of iron F, furnished with wheels W so as to 
run on the same rails as the trolly. The sheaves are attached to slides B, which are suspended 
from a chain passing over the pulley E to the drum X, which is fixed to Uie front of the frama- 
work, and turned by a worm and wheel Y. 

Fig. 1874 is of Best and Holden’s machine ; to suit it the retorts arc arranged so that the mouths 
of three can be opened and shut at once, the doors being at the same time constructed so as to fit 
tightly without luting. In front of the benches, and along the whole length of the retort house, 
rails are laid down upon which the carriage carrying the machinery moves. A strong framework 
of iron beams supports the steam endue and the rest of the apparatus, the engine being of the kind 
used for steam cranes, and having the different wheels and handles for giving motion and reverse 
motion to all the various parts. The travelling of the carriage to and fro, and the whole lalnur of 
the machine is worked by the engine, which is under the control of one man. At right angles to 
tM line of rails in the retort house, parallel to the length of the retorts, two small carriages 
mvel on the framework of the machine. These carriages are side by side, one of them csrrywg 
thrw rakes, and the other three scoops. Above the machine is a large hopper for containing the 
coal, and hy mwns of traps or valves the three scoops can be simultaneously fllM witii the proper 
quantity of coal. The machine having been brought to a stand so that the thm rakes are opposite 
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the door of three retorts, the door is opened, end the cradle carrying the rakes is propelled forward 
by means of a pinion and chain. As the rakes enter the retorts the flaps at the end are horizontal ; 
but directiy they reach the extremity of the retorts the flaps are, by means of a screw, brought 
down into a vertical poEdtion, and at the same moment the rakes rapidly recede, and draw with 
them the whole contents of the retorts. The machine traverses along the rails till the cradle 
carrying the three scoops is opposite the retorts that have just been emptied. The scoops having 
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been filled with coal from the hopper are, in their turn, thrust forward, and by a self-acting move- 
ment at the proper moment inverted, and they deposit their load evenly from end to end of the 
retorts. They are then withdrawn, the door is closed, and the machine moves forward to repeat the 
operation. 

Holdein’s charging machines, Fig. 1375. erected at the BecktomWorks, arc driven by an endless 
wire rope from a stationary engine at the end of the retort house, ana each machine consists of a frame- 
work mounted on wheels supporting carriages, to which are attached three rakes and scoops. The 
rakes and scoops can be swung out at right angles to the retorts, so that only one or two may bo 
charged or drawn ; thus any one of the three may be left for scurflng or repair, while the other 
two in the same file may be at work. This machine does not carry its own coal, but the scoops 
have to be filled by hand ; arrangements can be made for filling them from a slioot at the back of 
the stage, the scoops swinging round to receive their charge of coal, and back again to deposit it in 
the retort. The mouth-pieces are closed singly, and have one ascension pipe to each. 

Various descriptions of materials have been proposed for the formation of mains for ^s, but the 
only description of main besides the cast iron which has met with any degree of success is formed of 
l^ed sheet iron of a thickness corresponding with the diameter ; for the smallest kinds the sheets do 
not exceed No. 20 B. W. G. in thickness ; whilst the largest are 18 in. diameter, No. 16 gauge. When 
made the sheet is cut to the desired length and width, and formed cylindrical by passing through 
rollers; it is then riveted and soldered along the seam, when corresponding metal screws composed 
of le^ and antimony are cast in suitable moulds at each end of the pipe, and are afterwards soldered 
thereto. Each pipe is then tested by hydraulic pressure in order to detect any leakage, after which 
it has a coating of hot pitch both Inside and outside, and completed by a layer of asphalt intermixed 
with fine gravel of about 1-in. thick over its exterior. 

When laying these pipes, a hempen washer dipped in tallow is placed on the flange which forms 
part of the screw ; they are then screwed up by means of a short wooden lever with a cord which 
passes around the pipe, answering the purpose of the ordinary gun-barrel tongs. To attach a service, 
the asphalt is chipped ofiT from the part, a hole is bored in the main, and into this is inserted the end 
of the lead pipe constituting the service, which is then soldered. This effected, the asphalt is heated 
and replaced on that portion of the pipe where it was chipped off. 
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The gas mains almost tmiversally adopted aze oast iron, and they are unquestionably preferable 
to all others. 

The diameters of mains will depend on the quantity of gas required to be delivered by them, 
together with their length and position as regards level. A main ascending from the works will 
deliver a greater quantity than another on a level, and still more than another which descends, 
i^ce for every 10 ft. of increased height above a given point, the gas in the main, in consequence of 


* 13 ? 5 . 



its low specific gravity, acquires an increase of about one-tenth of pressure. Thus if we suppose 
at the works a pressure of five-tenths to exist in a main from which there is no draught, then at a 
point 100 ft. alx)ve,the pressure in the same main will be fifteen-tenths, or if we imagine a pressure 
of fifteen-tenths at the works, then at a point 100 ft. below there will be but five-tenths pressure. 
Hence the delivery under the two conditions is according to the mean pressure within the mains, 
and in certain loculities, wliere the works are mtfch lower than the town supplied, tlie gas can be 
delivered in the day time with four or five-tenths exhaust, according to the dinerenoo of elevation. 

Obstructions in gas mains arise principally from the accumulation of water, wliere the pipes have 
been badly laid, or by naphthaline, which is often collected by a piece of tarred yarn projecting 
from the joint. 

Table I. is of the weights of mains as usually employed, but as the pipes of different manufac* 
turers vary in thickness, tlio weights must therefore be considered os approximative. 


Table I. — Weights and Lengths of Cast-Iron Mains. 


I>lametcr of Pipe 
in inches. 

Weight of Pipe. 

Weight a yard. 

Length of Pipe 
in feet. 


tons 

cwt. 

qr. 

lb. 

cwt. 

qr. 

lb. 


2 

0 

0 

1 

16 

0 

0 

22 

6 

2J 

a 

41 

0 

2 

0 

0 

1 

0 

6 

0 

0 

3 

18 

0 

1 

6 

9 

4 

0 

1 

1 

13 

0 

1 

23 

9 

5 

0 

1 

3 

8 

0 

2 

12 

9 

6 

0 

2 

1 

15 

0 

3 

5 

9 

8 

0 

3 

0 

24 

1 

0 

8 

9 

10 

0 

4 

2 

6 

1 

2 

2 

9 

12 

0 

7 

2 

8 

1 

3 

16 

12 

14 

0 

8 

1 

20 

2 

0 

12 

12 

15 

0 

11 

0 

0 

2 

3 

0 

12 

16 

0 

12 

1 

8 

3 

0 

9 

12 

18 

i 0 

15 

0 

0 

3 

3 

0 

12 

20 

0 

18 

0 

0 

/4 

2 

0 

12 

22 

i 1 

0 

0 

0 

5 

0 

0 

12 

24 ! 

1 1 

4 

1 

8 

5 

3 

9 

12 

30 

i 1 

10 

2 

0 

7 

2 

14 

12 

36 

2 

0 

0 

0 

10 

0 

0 

12 

48 

3 

0 

0 

0 

15 

0 

0 

12 


When laying services, cdl the holes in the mains should be drilled previously to being tapped, by 
which means the work is done in a proper manner. The clumsy method of gouging the boles has 
freimently occcuiioned serious loss. 

The carbonaceous crust, a deposit from the gas, that adheres firmly inside the retorts, is the cause 
of frequent aunoyanoe in all gas manufactories. This is formed by decomposition of a portion of 
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the' oarburetted hydrogen in ite passa^ along the heated sides of the retorts to th^ ascension 
pipes, and the formation is greatly assisted by the pressure generally existing inside the retorts, 
which cannot be obviated except by an exhauster wording at a vacuum of higher gauge than the 
seal of the dip-pipes. The formation of carbon is beneficial so far as it conduces to fill any cracks 
that may have 1^en caused in heating up ; but when it accumulates to such an extent as to per- 
ceptibly reduce the heating surface, its removal is necessary. 

Scurfing or burning out is the process adopted, the lids being removed, and the atmosphere 
allowed to circulate freely in the retort, thus causing the carbon gradually to consume until, being 
slightly detached, a hold is gained for the scurfing-irons, by which it is ultimately, though often 
with great difficulty, removed. A. blast or fan is sometimes employed, by means of which a current 
of air can be direct^ against any part considered most vulnerable or of greatest advantage for 
action with the scurfers ; and the carbon is thus burnt away in a much shorter time than when left 
to the ordinary action of the atmosphere. 

Another frequent difficulty is the choking or stoppage of the ascension pipes. The causes are 
generally to be found either in the pipes being too small, the irregular or improper charging of the 
retort, or the formation of the kiln allowing the heat to circulate too freely in the front. The 
main flue should be large and easily accessible. The chimney should be in such a position as to 
draw equally from both ends of the bench. 

Pipes connected with the mouth-pieces, called the ascension pipes, conduct the gas to the 
hydraulic main. This is a large pipe, nearly filled with water, into which the ends of the pipes 
from the retorts are made to dip, and by this means form a seal by which the pis is prevented from 
finding its way back, either to those retorts that the workmen may be recharging, or to other parts 
of the bench that for the time may be out of action. Wrought iron, in preference to cast, is 
generally adopted in the manufacture of new hydraulic mains, its lightness, strength, and elasticity 
enabling it to withstand better the alternate and unequal heating and cooling of the bench ; this 
strain affecting, by expansion and contraction, not only the main and its supports, but also the 
pipes in connection. The size of the main and depth of hydraulic seal are both directly dependent 
on, and ought invariably to bo determined by, the number and area of the dip-pipes ; the greatest 
amount of back pressure when the apparatus is in full work, should the exhauster be suddenly 
stopp^, or require to be dispensed with ; and the largest quantity of gas intended to be passed 
from it an hour. 

When the main is hung in front of the bench it is found that, unless sufficiently far removed, 
the flame caused by drawing the charge acta strongly upon it, heating it to a much greater degree 
than when supported at the back of the ascension pipes. This heat boils the tarry fluids inside to 
a pitchy mass, and in cannel gas works, when a large quantity of tar comes over with the gas, 
causes considerable trouble. The remedy is to remove the main further from the strong heat of the 
bench ,* but where this is difficult, or unadvisable, the tar is withdrawn as completely as possible 
from the hydraulic main, leaving in its place the ammonia liquor, which is here plentifully 
deposited, and on which the heat has no other effect than to cause evaporation. A simple method 
is, instead of allowing tar and water to overflow with the gas, as is usually the case, to attach a 
pipo to the bottom of the hydraulic main, and carry it up with a bend outside to the level of the 
fluid that is inside the main, wlien the tar, being specifically heavier than the water, escapes from 
the bottom, overflows at the pipe, and leaves the seal inside still at the proper level. But by 
leaving this pipe open at the over- 
flow, awkward consequences might 
ensue, and it is necessfiry to make a 
counter connection from the top of 
the main, which, allowing a free 
circulation of gas in the pipe, pre- 
vents siphoning. 

The condensation of tar and am- 
moniacal liquor, which commonccs 
immediately after the gas leaves the 
retorts, renders it necessary to provide 
some place of deposit where the over- 
flow of the hydraulic main and other 
places may hie stored. The tar well 
is usually a brick or cast-iron tank, 
into which a branch pipe from the 
main is inserted and sealed in a 
stationary lute at the bottom. Still 
farther to separate all condensable 
vapours before allowing the gas to 
pass to the purifiers, a set of con- 
densers or coolers is provided, through 
which the gas is made to circulate 
until it is ^uoed to a temperature 
bearing some approximation to that 
of the surrounding atmosphere. 

As has been desoribed in this ... v 

Dictionary, condensers in most oases are formed by rows of upright pipes resting on a chest at 
the bottom, which acts as a receiver for condensed matter. Sometimes the pipes are concentric, 
as in those shown in elevation, Fig, 1876, the gas passing in the annular space, and the centre 
is either open to the atmosphere or supplied by a constant run of cold water. Another ve^ 
effective condenser is simply an oblong narrow chest, the width being no greater than the mam 
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pipe by which it is supplied. It is usually set up on its narrow base, and the inside divided by 
paHitions of wood in such a way as to make the gas traverse several times throu^ the entire height 
before making its exit at the opposite end to that at which it had entered. The face plates are 
thickly studded with sockets, througl^ which 24n. pipes are passed imd tightly pointed at both 
sides, and these, breaking and retarding the gas in its passage, and being kept cold by a draught 
of air continually passing through them, expose the gas in a comparatively limited space to an 
immense area of condensing surface. 

Ten sq. ft. of surface for every 1000 cub. ft. manufactured in twenty-four hours, is generally 
recognized as sufficient for condensation ; but strictly, oannel requires greater condensing area than 
common gas. Without attaching too much importance to this part of the apparatus, it is still 
essential that some approach to a definite proportion should prevail, as condensers of extravagant 
proportions, add unnecessarily to the cost of the works. Insufficient condensing surface is, however, 
the cause of continual waste, as the valuable tar oils are carried forward either to the washers or 
purifying vessels. 

The average proportion of impurities requiring to be removed in gas made from Newcastle 
common coal, consists of about 1) parts of ammonia, 8 parts of sulphuretted hydrogen, and 25 parts 
of carbonic acid, in 1000 of gas. A variety of other substances, generally different combinations of 
the same bodies, are also present ; and one of these, the bisulphide of carbon, has hitherto defied all 
practical attempts made for its removal. 

Bowditch has devised a method of removing this offensive impurity, by passing the gas through 
an ordinary purifier filled with heated lime and clay ; but although successful on a smsdl scale, me 
efficiency in large works is doubtful. Ijeigh states the quantity contained in 100 cub. ft. of gas to 
be from 13 to 103*8 grains, a considerable variation, but easily accounted for by different qualities 
of coal. Lteigh describes a process of obtaining from gas liquor, sulphide of ammonia, which, 
when brought in contact with the gas, was found to combine with and remove the greater purtion 
of the carbon sulphide. Ammonia is the first in the order of impurities which requires removal, and 
this is usually accomplished by employing water as an absorbent. 

Ammonia as it issues from the retort combines with, and is partly neutralized by, the carbonic 
acid and sulphuretted hydrogen which accompanies it ; and being saturated by the watery vapour 
of the coal, becomes condensed in what is known as ammoniacal or gas liquor ; but as, after passing 
the condenser, a quantity of the ammonia still remains with the gas, other means for removal must 
1^ adopted. 

This knowledge of the affinity possessed by water for ammonia has been taken advantage of for 
the purpose of removing that impurity from gas and rendering it a source of profit. The most simple 
means for this object is the washer, a vessel divided by a perforated plate, and half filled with 
water through which the gas is forced. 

In the washer invented by G. Livesey, the orifices are each about the tenth of an in. in diameter, 
of which there is a great number ; hence by these means the most minute particles of the gas are 
subjected to the infiuence of the water, the result being that 25 gals, of 10-oz. liquor are obtained 
from every ton of coal carbonized. 

A system of washer has been invented by Gathels, wherein the gas is caused to pass through 
long narrow channels, situated just beneath the surface of the water ; consequently fresh surfaces of 
each globule of the g^ in its transit are brought into contact with tlie water, by which the ammonia 
is eliminated. Three of these vessels are placed at different elevations, in order that the liquid of 
the second can fiow by gravitation to the first, and that of the third to the second washer. The foul 
gas enters the lowest, and passes off at the highest vessel, which contains comparatively pure water. 
Hence the main object of all washers of modem oonstmetion is to bring the gas in the most 
minute particles into communication with the water, so that the ammonia may be absorbed. 

By washing in this way, however, a quantity of the oily hydrocarbons are also absorbed, and 
the additional pressure necessitates an increased power of exhauster. 

Scrubbers effect the same purpose, they have separate divisions, are charged with coke, bricks, 
drain pipes, tiles, thin boards or other substances, presenting a large surface to the action of the 
liquid and ga^ according to the judgment of the engineer ; but coke is most generally employed. 
IVlion in action, water is allowed to enter in a limited stream at the top of the scrubber, and is 
distributed over the area by some mechanical contrivance, or other means, and in descending, per- 
colates through the coke, thus presenting a large area of wet surface. 

Although the purification of gas commences at the hydraulic main, is continued with the con- 
denser, and further advanced with the sembber, tbe vessels which eliminate the sulphur oomponnds, 
carbonic acid and snlpburetted hydrogen, are particularly known as the purifiers. 

Fig. 1377 represents one out of a set of pnnfiers in oonneotion with a central valve that allows 
the gas to pass into and out of each in succession. The bottom is formed of twelve iron plates with 
fianges of about 2} in. wide and secured by bolts and nuts 6 in. apart, stren^bened by brackets 
placed between them, the bolt boles being oast in the flanges midway between the brackets. Around 
the edge is a oorrcsmndiiig flange, to which the vertical plates forming the sides are bolM, which 
plates are put together with lap plates, the whole of the joints being made with iron cement. 

When in action, the gas to be purified enters into the centre of the valve ; from there the gas is 
conveyed into the first purifier of the set ; when, after passing through the lime or oxide, it returns to 
the valve and passes to the second, and so on, eventually flowing to the store or gas-holder. When 
in the course of time the material in the first purifier becomes ineffective, this is thrown out of artion, 
and another brought into use. Test taps are usually placed on the covers of the pnrifiem, and are 
generally |^th-in. cast iron, as brass corrodes very rapidly ; but when the purifiers are not divided 
in the centre, test tape may be placed midway in the side of tbe purifier, so as to ascertain the 
purity of the gas before passing through the last apparatus. w uie 

III order to determine the magnitude of purifiers, the first consideration is the maximum daily 
production of the works for wliich they are intended, and as gasworks invariably inotease iu^ 
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^ “f’'? anpamtuB of ample magnitude. The maximum daily 
^g aBoerW^, tte general rule in small and medium works u to allow a nnriMnnl^ oV 

■■“ pw£&.^ ^ ft- of Mtive surface 
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limited capacity, can be properly conducted with less than two 
each of whu^ in very ^all works should be subdivided and connected, in such a manner 
d^endltl^nrf.ffi'^n through the purifying material iu the first compartmeS* and 

r^y for u^^*^ that m the other ; one purifier being in action whUst the other is^ing clmrged 

„f thi i**® ““'’“‘od action of the hydraulic main, the condenser, and scrubber or washer the whole 

wunds sL^or *1^® acid aXSph,^ com! 

5f tl!« I “* should be, eliminated from the gas ; but there still remains the larmr nortion 

last-mentioned impurities to be removed before it is in the condition to L dlhv^rf to 
fonsJdered rommercially pure, and in the ordinary sense of the^term 
fpw from all noxious elements, when, alter a lengthmied exposure to the usual testa fnr rtArhnni^ 
and sulphuretted hydrogen, no indication of these impurities exists. 

As already stated, the most perfect system of purifying gas is bv means of wet limA nr 

by the solution called the “ cream of lime,” and although the odour a’risinir 
“fttr being employed, is sufficiently offensive to prevent the adoption of 
this purffi^tion under ordinary circumstances, there are, however, localities wliere the 

isol^ position of the works permits of its application. ’ tlio 

action to employed, somewhat similar in construction and 

"® P^’yided wito aritatora, actuated by the bevel wheels on the top of the axles, driven 
engine. Thus, by the mechanical action of the agitators or^ stirrers, the%ime is 
alv^s maintoined in a state of solution, and as the gas is caused to pass through vew cont^ted 
ti^S^o absorb!” particles, and these, coming in contact with the lime,^ the impi^ 

Although toe purification by wet lime is efficacious and economical, there exists the diffionltvof 
matt^l, technically called « blue billy.- Of this a portion ^rb^plo?^ 
S' ***® "‘'•“ftjrPieoes of retorts where that is used, but there still remains a la^ entity 
which yields a mmt offensive odour, and in consequence is extremely difficult to dispos^ of but 

enypo^tilation,‘tirwt?CeaH^ 

*?* *!*® "®** “fjbod of puriflration by means of dry lime, the moistened hydrate of lime is placed 
it? b) a thictoeas of 8 or 4 in., the whole being well and oomple^ 

TOvered and of uniform thickness. Borne purifiers are subdivided, thnn the mu to „-5 


ascend and 
it three are 


j i ® rri wo w IU., »ue wiioie oeing well ana oompletelv 

^ thioknesB. Some purifiers are subdivided, thus the gas has to asoemi and 

passing as it were through six distinct purifiers, idthough but three are 

4 * u* accepted as a rule that a bushel of quicklime, which, when sluked and rendered 

Into increases to about 2) times its original volume, is sufiScient by the process in question 

to pwfy the m derived from a ton of coal. This, however, must greatly depend on the quality of 
the Ume, for tbero are some descriptions which contain a large percentage of clay; and although 
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admirably adapted for the manufacture of hydraulio oement, they are ill suited for the purification 
of gas. 

Another consideration is, that some coals contain considerably more sulphur compounds than 
others, therefore no general rule can be defined; but when properly treated, and the lime of 
average quality, the quantities stated alike for wet as dry lime, may be accepted as a good approxi- 
mation to that required for the purification of gas. 

In the ordinary method of purifying, the foul gas is admitted first into the purifier the most 
impregnated with impurity, thence it passes to the second, and so to the third, where the lime is 
comparatiyely clean. When purifiers are of ample magnitude, the foul lime if properly moistened 
remains an active agent in the purification to tne last, therefore it is only when the gas begins to 
indicate signs of impurity at the fifth division, supposing six divisions of purifiers to exist, that 
they should be changed, and by the employment of apparatus of ample capacity only can the lime 
be employed to the best advantage. 

The superiority of the dry-lime process consists in the facts that by it the pressure in the retorts 
is materially decreased, which is a great consideration in small works where the exhauster is not 
employed, and the foul residuum creates no particular nuisance when moderately distant from habi- 
tations, and is readily disposed of for agricultural purposes ; whilst by this process, as with the other, 
all the various impurities of the gas can be eliminated. 

The cheapest and least expensive material for the purpose is however oxide of iron, which is used 
slightly moistened and charged in much thicker layers than lime, but to what degree must depend 
on its nature and weight, together with the size of the purifiers. The thicker the layer the better, 
so long as the pressure is not inconveniently increased. When taken from the purifiers, the spent 
oxide has a dull black purple appearance, and is then laid a thickness of 8 or 10 in. on the ground 
for the purpose of revivification, being occasionally turned over and broken up from day to day, in 
order to expose all its particles to the action of the atmosphere, and when it resumes its original 
colour it is suitable to be again employed. Fresh oxide has a tendency to ignite when first 
used, for this reason only a portion of new material should be intermixed with the old as occasion 
may require. 

Different engineers employ different methods of purification, but in the majority of works lime 
is used for the purpose, cither as the cream of lime or the hydrate of lime, properly moistened, by 
cither of which processes the whole of the impurities can be removed so that the gas is rendered 
commercially pure. In other works the use of lime is unknown, the purification being effected by 
the condenser, scrubber, and oxide of iron ; and in a few cases the carbonic acid is eliniinated, so far 
as practicable, by means of the ammoniacal liquor in the scrubber or washer, and sometimes a per- 
centage of cannel is employed, to compensate for the deterioration of the gas by the presence of a 
small quantity of carbonic acid. Again, in other establishments, the sulphate of iron and lime are 
exclusively employed. 

Then, as re^rds the ammonia ; instead of eliminating this in the washer or scrubber, the 
is caused to pass through an ordinary purifier, charged with breeze or sawdust, saturated with 
dilate sulphuric acid, but used in a dry state, a process to bo recommended in small works, by 
which the residuum may be preserved and rendered a marketable commodity, but in works of 
20,000,000 ft. a year and upwards the scrubber or washer, or both combined, should eliminate the 
ammonia. 

Again, the method of purifying in some establishments is reversed. Instead of the foul gas first 
entering the foulest purifier, it is caused to pass into vessels called carbonaters, containing clean 
hydrate of lime, by which the carbonic acid is absorbed, and from thence the gas passes into 
other purifiers, containing the sulphide of calcium, and subsequently to the oxide of iron purifiers, 
to eliminate the remaining sulphuretted hydrogen. This process, although effective, is very costly. 

Fig. 1378 is a section of a tank and gas-holder, the latter having a single lift and Wng 70 ft. 
diameter. 

The larger the dimensions of a proposed gas-holder, the more cheaply it can be constructed for 


137S. 



each 1000 cubic feet of contentB. Tbe rule generally adopted is to construct gas-holders as large as 
from the nature and extent of supply is deemed advisable. The OommerciiS Gas Company Imve 
one 206 ft. in diameter. At the liorseferry Boad station of tbe Chartered Gas Company the t a nk 
of one gas-holder is 202 ft. diameter by 25 ft deep. The excavation of this tank is a tr^ch 12 ft 
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deep by 5 ft. in width all round; the sides are formed by f in. BB Staffordshire plates, riveted 
BO as to be watertight, with f-in. rivets ; the bottom is secured on the top by 3-16ths sheet iron, 
underneath which is a layer of bricks and a thick bed of concrete. 

At the Kennington Lane station of the Phoenix Gas Co., London, there is a gas-holder 160 ft. 
diameter by 70 ft. high, which is peculiar in its construction. Fig. 1379 is a plan of this holder 
partly in section. Fig. 1380 a sectional elevation. Contrary to custom, the columns are made of 
f-in. and J-in. boiler plates, the diameter of each being 3 ft. 3 in. at the base, tapering to 2 ft. 8 in, 
at the top ; tlie total height of the columns is 73 ft., and each column was erected in one piece. 

1379 . 


I 





Cast-iron girders round the top of the columns are dispensed with, 2 in. and 1} in. round rods 
being used instead ; and the ^-holder crown, whan working, is entirely unsupported by framework. 
To prevent collapse, should the holder come to the ground, a wooden frame upon brick piers was 
oonshructed inside the tank, and this has proved a perfectly sufficient safeguard. 

In small works, single lift gas-holders are generally hung with counterbalance weights, and these, 
when capable of being conveniently shifted, serve to regulate the pressure, and save the construc- 
tion of a governor ; but in larger works, where a governor is employed, the dimensions of the gas- 
holder are calculated so that a uniform pressure mav be given without the aid of a counterpoise. 
This is accomplished on the principle that, the weight of the holder being known, a quantity of 
water equal in weight will be sustained by it, and the depth of this column, depending on the 
superficial area of the holder, may be calculated when the diameter is ascertained. 

It is therefore evident, that the smaller the diameter compared with the total weight, the 
neater will be the pressure exerted. Gkui-holders of a very large diameter compaiod with their 
depth, frequently require weighting rings of iron attached to some part of the framing, in order to 
^ve a column of water equal to the specified height. It is customary to make gas-holders of very 
large dimensions on the telescopic principle, that is, composed of two or more lifts. The inner 
carry their own water-lutes. By this means ground space is greatly economized, and the saving 
in tank excavation and building reduces the cost. The lutes are liable to become frozen in 
extremely cold weather, but this may be guarded against by the introduction of a steam pipe, which 
will always prove a sufficient remedy when necessity arises for its use. 

The pressure of a holder is determined by its weight as ootopared with its area ; thus, when of 
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lar^ diameter and shallow depth, with average strength of sheets and tmaslng, the pressure is 
limited accordingly ; but when the holder is of small diameter and great depth, the jmssure is 
always excessive. The height of the holder should be about one-thira its diameter. With tele- 
scopic holders, the height of the two lifts is usually ^ual to two-fifths the diameter of the holder, 
and in most cases, alike in single as well as telescopic holders, the rise of the dome is equal to •^{^th 
of the diameter. 

Gas-holders of small dimensions are generally constructed with their sides of No. 16 gauge sheets, 
and the top or crown of No. 14 or 15 gauge ; holders of 60 or 70 ft. in diameter are often made m 
the thickness Indicated, except in the sheets riveted to the bottom and top angle-iron, which are 
augmented in strength by one or two numbers of the ^uge. The durability of these vessels under 
average conditions, constructed of No. 16 gauge, may oe twenty-five years ; whereas by the addition 
of ^th more to the thickness of the metcu, their duration can be fairly estimated at double that 
period. To ascertain the weight of a single gas-holder, when not counterbalanced, of a given area 
and pressure ; — 

Table II. — Pbbssube with Vabious Columns or Water. 


Column of water 

in. 

1 

lb. a square ft. 

equal to pressure of 5 * 208 


ft 

2 

tt 

99 

10*416 

ff 

ft 

3 

99 

99 

15*624 

n 

9> 

4 

91 

99 

20*833 

ft 

ft 

5 

f* 

99 

26*040 

ft 

tt 

6 

99 

99 

81*248 

ft 

tf 

9 

99 

99 

46*872 

»t 

*> 

12 

*9 

99 

62 500 


Suppose the weight of a holder to be required, the diameter of which is 50 ft. and the pressure 
given oy it to be 4 in. Then the area of this will be 1963*5 feet; and on referring to Table II., we 
find the weight of each sq. ft. corresponding with the pressure mentioned to be 20*833 lb., when the 
area multiplied by the weight a ft. gives 40,904 lb. as the weight of the holder. 

Having the weight of the holder and its diameter or area, to find the pressure, the weight 
40,904 lb. divided by the area 1963*5 gives 20*8332 lb., which on reference to Table II. corresponds 
with 4 in. as the pressure required. 

The weight and pressure oeing known, the area of the holder may be ascertained by dividing its 
weight by the column of the pressure. Thus 40,904 lb. divided by 20*8332 lb., the weight of a 
column of water 4 in. high, gives 1963*5 ft. as the area of the top of the holder. 

When ascertaining the weight of gas-holders by this method, the ascending power of the gas must 
be taken into consideration, and this may be averaged at 40 lb. for each 1000 ft of gas in the 
vessel ; hence, if this be 15 ft. in diameter and 16 ft. deep, containing 30,000 ft.^ it would act with 
an ascending power of 1200 lb., which would have to be added to the weight. 

The pressure of a holder varies slightly according to its position, or the degree to which the 
sides are immersed in the tank, in consequence of the increase of the weight of the iron when out of 
the water ; this, with single holders of ordinary construction, is insignificant, and practically need 
not be taken into consideration. 

When erecting a gas-holder, scaffolding is first fitted up in the interior of the tank, leaving room 
for the sides of the holder to descend, in such a manner that planks may be placed at the desired 
point to enable the men to rivet the plates of the roof. Planks are then placed around the top of 
the tank, and on these the parts forming the bottom curb of the holder are adjusted, and rivet^ or 
bolted tog:ether. This effected, the bottom row or two rows of plates are placed in their positiona 
and the circle riveted, when the bottom frames with their rollers are securely bolted, exactly oppo- 
site to their respective guides. A number of long screws corresponding with the columns are 
provided, each about 7 ft long and 1) in. diameter, having a hook at one end. A nut works freely 
on the screw, and beneath this nut is a swivel, so arranged that it can be attached to the guide 
standards. 


The swivels of the long screws bei^ bolted to their respective standards, then by turning the 
nuts the screws are raised to nearly their highest point, when each of ^em by means of a chain and 
hook gravies the bottom curb; then on raising the screws still higher, that portion of the holder is 
suspended. The planks are then removed, and bv the action of Uie nuts, tne whole is gradually 
lowered to the desired depth ready to place another row of plates. Thus all the side plates are 
riveted and lowered as required, when the top curb is also riveted. 

The crown plate with the centre pipe are then placed in their position, and the main and 
secondary hm are bolted to the curb and crown plate. The tension rods, struts, and suspension 
rods are then fix^ and the bracket bars riveted or bolted, thus forming the trussing of ^e roof. 
The plates covering the roof are then temporarily placed over the whole area, and wh^ accurately 
arranged they are then riveted, when the holder is lowered to its beings and the long screws 
removed. This effected, the upper guide rollers are then fixed accurately in their positions. A 
manhole is left in the roof, so that after the interior of the holder is paint^, the scaffolding can be 
removed at that point ; it is also intended for the purpose of clearing out any obstruction ft ^a t may 
occur in the pipe. ^ 

The telescopic holder, which under some conditions is advisable, is comprised of a single vessel 
of the ordinary construction, guided at the top by rollers working against the guide stanmu^ and 
surrounded at its base by an annular cup c, of from 12 in. to 18 in. in depth and from 6 to 9in in 
width. Pig. 1881. This inner holder is enclosed by a cylinder or outer lift concentric to it, of some- 
what lar^r dimeter, but about the same depth. To the top of this outer cylinder is attached an 
annular grip 66, corresponding with the cup. Thus, each time that the inner holder is filled when 
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fUBoending, it lifts the lower holder, and as the onp is always filled with water when rising, on the 

g rip being immersed therein a hy^ulio joint extending the circumference of the holder is formed. 

y these means, so long as the holder retains its level position, and in the absence of a pressure 
superior to that of the dip, the gas is retained. The rollers d and a are for the purpose of preventing 
any unnecessary play, which would be fatal to the action of the apparatus. 

In telescopic holders of 90 ft. in diameter and under, the upper lift is generally counterbalanced, 
but when of larger dimensions iheir great area renders this no longer necessary. 

The choice of a position for a large ^as>holder, where choice can be had, requires careful and 
judicious inquiry on the part of the engineer. Bocks and water-springs ought, if possible, to be 
avoided ; the first lar^ly increasing the cost of excavations, and the 
latter endangering the stability of the walls of the tank, besides 

seriously impeding their construction. A stiff loamy soil is prefer- / nJ 

able to a sandy or porous one, assisting as it must do the clay- ' 

puddling, which is generally found necessary to keep the tank water- i 

tight. Should a workable sand be found, it may be used in the water 

and concrete. 

When a pressure of gas or atmospheric air is first introduced in — — 

an empty holder, an instantaneous effect is observable on the crown ■ & IMPS 

and side plates. The crown plates are quickly forced out, and the 
^8-holder generally begins to have a smooth, rigid appearance, very 
different from the uneven surface it presented when simply supported 
by the framework. 


The true support of a gas-holder crown when working is therefore 
the pressure of gas inside, and although certainly advisable to con- 
struct a light supporting framework, this only becomes useful when 
the gas-holder is at rest, and should in no case be complicated or 
expensive. There is no doubt that with sheets of sufficient thickness 


in the outer circle of the crown and top rows of the circumference, 
a very light framing indeed ought to be sufficient. 

Proper storage capacity saves retorts and stokers* wages, reduces 
the percentage of fucX and prevents the danger of a short supply in 
the depth of winter. 

In estimating the lighting power of gas, photometers are employed. 

The jet photometer consists of a steatite jet fixed upon a very delicate King’s pressure 
gauge, capable of indicating to at least of an inch water pressure. The gas is made to pass 
through the gauge to the jet, and the pressure is regulated by a delicately adjusted dry or wet 
l^overnor. The instrument is sometimes enclosed in a wood casing with a glazed door. A scale of 
inches and parts is engraved on the glass, and a corresponding scale in porcelain is fibred at the 
back of the cupboard inside. The base-line of each scale coincides in level with the top of the 
jet. This plan of enclosure originated with Sugg. Sometimes the jet is surrounded by a glass 
chimney g^uated in inches and pa,rts. With these instruments twelve-candle gas issuing at 
pressure imould be 6 in. long. Bannister suggested, in 1863, the possibility of making an instru- 
ment to register continuously, during a number of hours, the height of the flame ; and Kirkham 
and Sugg have apparatus in which the height of the jet-flame, and the acting pressure, are 
registered by photographic means. 

One of the most convenient specific gravity apparatus for testing gas is Schilling’s, which 
consists of a cylindrical glass vessel and an inner movable glass tube, the latter fitted at its 
base with a metal foot or stand, and at the top with a metal cap, which is provided with a cock to 
admit gas, and with a central cock having two ways, one for the admission of air to the glass tube, 
and one for the discharge of air and of gas in the experiment. By this apparatus the specifiic 
gravity is determined by the times requir^ for the discharge of equal volumes of air and of gas, 
through a minute orifice in a platinum plate mounted on the nozzle of the central cock. The 
square of the number of seconds required for the discharge of the gas divided by the square of the 
number of seconds r^uired for the discharge of air, gives the specific gravity of the gas. Ko 
correction is needful if the temperature of the air and gas be equal, and to secure this there is no 
difficulty. If the time of disch^ge for air be 210 seconds, and for gas 180 seconds, the squares 
would he 57,600 and 82,400; dividing the latter by the former 0*562 would be the quotient, and the 
specific gravity of the gas. This su^ect is too large to be further treated here. 

Books relating to Gas, — Kiohards, W., ‘ Practical Treatise on the Manufacture and Distribution 
of Cosd Gas,' 4to, 1877. Hartley, F. W., * The Ghui Analyst’s Manual,’ crown 8vo, 1879. Bower, G., 

* The Ghis and Water Engineer's Book of Beference,’ 4to, 1880. King * On the Manufacture of 



Coal Gas,’ 2 vols., 4to, 1877-80. 
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The term power hammer is generally applied to those hammers in which the power is applied 
by means of a belt or gearing ; and is usea to distinguish them from the ordinary steam hammer, 
in which the hammer bkxsk is attached to the piston rod of the engine ; and it thus includes all 
varieties of frietion, crank, and trip hammers. 

The oldest form of power hammer is that known as the helve, trip, or tilt hammer, the con- 
struction of which was evidently suggested by the common hand hammer. It consists of a stout 
helve of timber bound with iron bands, to preserve it from splitting under the violent concussions to 
which it is subjected. Tins helve is supported by trunnions, working in plummer blocks, which are 
Mted to a strong foxindation of timl^r, the said trunnions forming the fulcrum upon which the 
lever turns. To one end of this lever is attached the hammer bead, and at the oppwte or back 
end revolves a wheel provided with a series of cams, by the action of which the lever is depressed 
and the hi ^wmAr hega raised. The best method for determining the proper curve for the faces of 
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these cams, will be found given in the article on Gearing in the first volume of this Dictionary. 
The chief disadvantages attending the use of trip hammers are, the difilculty of connecting them 
with the driving power, especially where a number of hammers have to be driven from one shaft. 
The head and die of a trip hammer, weighing, together with the irons for attaching them 100 lb., 
and perhaps* more, will make, with a helve 8 ft. long, from two to three hundred blows a minute. 
This motion far exceeds anything that could be attained by a direct reciprocating motion given to 
the hammer head by a crank, and is also greatly in excess of any rate of speed that would 
be assumed from theoretical inferences. The hammer helve being of wood possesses a certain 
amount of elasticity, and acts like a vibrating spring, its vibrations being in unison with the speed 
of the tripping points ; and it is upon this principle of elasticity that the whole machine must be 
construct^, in which respect it stands as an exception to almost every other known machine ; even 
the framing for supporting the trunnions, which without experience one would suppose reouired to 
be made as rigid as possible, is found in practice to answer best when composea of timber, this 
timber being disposed in such a manner as to allow it to spring and yield. The sudden and varied 
resistances that are offered to line shafts which drive trip hammers, tend to loosen couplings, 
destroy gearing, and produce strains that are unknown in other cases ; shafting arranged with the 
usual proportions for transmitting power, soon failing if applied to drive trip hammers, and con- 
sequently all rigid connections, or metal attachments, are inadmissible, belts arranged so as to have 
tlieir tension varied at will being the usual means employed for transmitting power to trip hummers, 
and the only one that has been successful. Further, there being no means of varying the height 
to which the hammer head is raised, and this head acting only through the force of gravity, the 
power of the blows delivered by any given hammer, must always remain constant upon a given 
thickness of metal ; the only variation in power being in the wrong direction, that is the thicker 
the mass of metal being operated upon, the less powerful will be the blow delivered by the hammer, 
while the opposite conditions are almost always required. Again, from the fact of the hammer 
head moving in an arc of a circle, of which the trunnions form the centre, it follows that only when 
operating upon pieces of a certain thickness will the hammer deliver a flat blow, and this want of 
parallelism will increase, in proportion to the thickness of the mass being operated upon, those parts 
of the metal which are nearer to the fulcrum being unduly compressed, while the more (fistant 
portion will receive scarcely any blow. Another difficulty attending the use of trip hammers, is the 
rapidity with which crystallization takes place, in the attachments for holding the die blocks to the 
helves, where no elastic medium can be interposed to break the concussion of the dies ; bolts to 
pass through the helve, even when made from the most fibrous Swedish iron, not lasting on an 
average for more than ten days, and often breaking in a single day ; the safest mode of attaching 
the die block, and the one most generally employed, is to forge it solid, with a band to surround the 
end of the helve. 

Another class of power hammers consists of those which are operated by means of a crank, the 
connection between which and the hammer head consists either of some kind of deflecting spring, 
or of an air cylinder, and to this class therefore belong all the various forms of pneumatic hammers. 
The great advantage possessed by these hammers over the older helve, consists in the fact that the 
blow delivered by the tup always remains parallel to the face of the work, no matter how much the 
latter may in thickness ; while at the same time, they generally possess some arrangement by 
means of which the power of the blow may be varied, to suit the constantly changing requirements 
of the work operated upon. In Fig. 1382 is shown a diagram of an arrangement of crank hammer 
having a curved leaf spring iuter|rased between the crank and hammer, the latter being connected 




to the spring by means of a leather strap, the link being rigidly fixed to the spring. The 
appearance of the device in motion will not recommend it, but' the effect produced, so long as the 
various parts last, is all that can be desired. A diagram of a later introduced airaugement is 
shown in Fig. 1388, which judged by the test of endurance and non-liability to derangement 
appears to be the beirt, of all those hammers constructed on this principle, which have up to the 
present time ^n introduced. The pivot is fixed on the iVame, and the vibration produced by the 
crank is multiffiied at the other end of the spring lever, so that strong, rapid blows are given by 
the hammer. In Fig. 1384 is shown a kind of composite machine, half trip hammer, hedf crank 
hammer. The helve aud radial die movement are retained, but the hammer is operate by a crank, 
through what is in substance an elastic connection. Such hammers as these here described are 
well adapted for light work aud small pieces, as on account of the light weight ^f the reciprocating 
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parts they caii he driven at very high speeds ; bnt, as is the case with all hammers having a fixed 
range of movement and fixed anvils, the intensity of the blows diminishes as the thickness of the 
work increases, which, as already pointed otrt, is the reverse of what is required. This objection is 
increased or diminished according as the length or range of stroke is long or short ; and when the 
parallelism of the dies changes also with the thickness of a piece, as in the system of construction 
shown in Pig. 1384. We must therefore conclude that, for general purposes, considerable efi’ect 
must be sacr&ced in attaining rapid blows in the manner here explained ; while a dead blow, or 
stop motion, which is almost indispen- 
sable in most kinds of work, would not 1384. 

be at all easy to apply in the case of a 
hammer operated by springs. 

The two earliest inventions for steam 
hammers were those of James Watt, in 
1784, and of William Beverell in 1806; 
but it was not until about the year 1843 
that the first steam hammer was made 
at the Bridgewater Foundry by James 
Nasmyth, who had taken out a patent for 
the same in ] 842 ; and though this was 
far from being the perfect machine whic h 
we are now accustomed to see, its erection marked the commencement of a new era in the history 
of the iron trade, for without the possessiou of this valuable invention it would have been simply 
impossible to execute the gigantic forgings of the present day. A steam hammer is in its main 
features an extremely simple machine, one of the principal problems in connection with its manu- 
facture being how best to resist the destructive effects resulting from the concussion of its blows. 
It therefore follows from this that weighty economical reasons exist for separating into detail, as 
much as possible, whatever is liable to break; but there is also another reason for this, which 
applies especially to power-driven hammers. Joints, however firmly they may be bolted together, 
still impart some el^ticity, and however suitable cast iron may be for the framing of most 
kinds of machines, it is, as is well known, wanting in that elasticity which hammer frames seem 
to require. It is not assumed that joints when rigidly bolted together can impart much elasticity, 
but if the frame of a hammer be cast in one piece, or even as was formerly sometimes done, the 
cylinder cast solid with the framing, it is at once obvious tliat the liability to fracture will be con- 
siderably increased. In watching the course of practice in steam hammer construction, there are 
certain plans which, for details such as valve gearing, are gradually becoming general ; of these 
the pendulous swing bar operating by sliding on the hammer head is one of me principal. The 
reason for this is obvious enough at the present time, when it is known how difficult it is to 
maintain any positive connection with a hammer head ; a link, lever, or tappets, or any device to 
which tlie shock of the blows is imparted soon giving way ; but a swing bar, bearing lightly 
against the hammer block, and nearly in the plane of motion, is but little afiTeoted by the concussion. 

John Richards, in his treatise on the Principles of Shop Manipulation,* when treating of steam 
hammers, nves the following particulars of the principles of their construction and operation. 

** The direct application of steam to forging hammers is beyond question the gpreatest improve- 
ment that has ever been mode in forging machinery ; not only has it simplified the operations that 
were carried on before its invention, but it has added many branches, and extended the art of 
forging, to purposes that could never have been attained except by the steam hammer. 

In forming a conception of steam hammers we must not fall into the common error of 
regarding them as distinct machines, or as operating on new principles. A steam hammer is 
nothing more than the common hammer driven by a new medium, a hammer that receives power 
through the medium of steam, instead of by belts, shafts, and cranks. The steam hammer supplies 
other purposes besides transmitting power, and seems to be so perfectly adapted to fill the different 
conditions of power hammering that there seems nothing left to be desired ; for it will be seen that 
steam as a driving medium for hammers fulfils the following conditions; — 

1. The power is connected to the hammer by means of the least possible mechanism, 
consisting only of a cylinder, a piston, a slide valve, induction pipe, and throttle valve ; these few 
details taking the place of a steam eugiue, shafts, belts, tension pulleys, cranks and springs, with 
pulleys, gearing, and all details that are r^uired between the hammer head and the steam boiler 
111 other oases. 

2. ** The steam establishes the greatest possible elasticity in the connection Between the 
hammer and the power, and at the same time cushions the blow at both the top and bottom of the 
stroke, or on the top only, as the case may require. 

3. ** Each blow given is an independent operation, and can be repeated at will, while in other 
hammers such changes can only be made throughout a series of blows by gradually increasing or 
diminishing their force. 

4. ** There is no direct connection between the moving parts of the hammer and the framing, 
except the lateral guides for the hammer head ; the steam being interposed as a cushion in the line 
of action, reduces the required strength and height of the framing to a minimum, and avoids positive 
strain and concussion. 

5. ** The range and power of the blows, as well as their time, are controlled at will ; this is the 
greatest distinction between steam and otlier hammers, and the particular advantage that has led 
to their extended use. 

6. The power is transmitted to the hammers through a small pipe, that may be carried iu 
any direction and for almost any distance at a very small expense, so that the hammers may he 
placed in such positions as will best accommodate the work, without reference to shafts or other 
tnaohinery. 

m 2 T 
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7. ** There la no waste of power by slipping belts or other friotional contrivanoes to graduate 
motion; and finally there is no maoninery to be kept in motion when the hammer is not at 
work. 

One thing more remains to be noticed, namely the valve motions, which are a matter of some 
intricacy, but without which all that has been explaiued would fail to give a proper idea of steam 
hammer action. 

** Steam hammers are divided into two classes, one class having the valves moved by hand, and 
the other, automatic valve movement. The action of the automatic hammers are again divided into 
what is termed the elastic blow, and the dead blow. In working with elastic blows tho steam piston ,ia 
cushioned at both the up aud down stroke, and the action of the hammer corresponds to that of a 
helve trip hammer, the steam filling the oflaco of a vibrating spring ; the hammer gives a quick 
rebounding blow, the momentum being only in part spent upon the work, and partly arrested by 
the cushioning of steam in the bottom of the cylinder under the piston. Aside from the greater 
rapidity with which a hammer may operate when working on this principle, there is nothing 
gained* and much lost; and as this kind of action is imperative in any hammer that has a 
maintained connection between its reciprocating parts and the valve, it is perhaps fair to infer 
that the reason why most automatic hammers act with an elastic blow is either from a want of 
knowledge as to a proper valve arrangement, or because of mechanical difficulties in arranging 
valve gear. 

** In working with dead blows no steam is admitted under the piston until the hammer has 
finished its dovm stroke, and expended its momentum upon the work. So different is the effect of 
these two plans of operating, that on most kinds of work a 50-lb. hammer working with dead blows 
will perform the same duty that one of 100 lb. will when acting with elastic or cushioned blows. 
This difference between the dead and clastic stroke is so important that it has served to keep the 
- 1 — where much could he gained by automatic hammers that 
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elastic blow, furnishes one of tho most interesting examples of me 
stated that to give a dead or stamp stroke, the valve must move ana auunv otuum 
piston after the hammer has made the blow, and stopped on tho work, and that such a movement 
of the valve could not be imparted by any maintained connection between the hammer head and 
valve. This problem is met by connecting tho drop or hammer hea<l with mechanism tluit will by 
reason of its momentum continue to move after the hammer head stops. Tliis mechanism may 
consist of various devices. Massey in England, and Ferris and Miles in America, employ a 
swinging wif»er bar that is, by reason of its weight or inertia, retarded and docs not follow 
the head closely on the down stroke, but swings into conhict and opens the valve after the 
hammer has come to a full stop. By holding this wiper bar continuously in contact with the 
hammer-drop, clastic or rebounding blows are given, and by adding weight in certain positions to 
the wijjer bar, its motion is so retarded that the hammer will act as a stamp or drop. A German 
" — of the blow to disengage the valve gear and effect this after movement 
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^ no little importance in the heavier class of 

When a piece is placed on an anvil ana strucK on the top side with a force of one ton the 
bottom or anvil side of the piece does not receive an equal force ; a share of the blow is absorbed by 
the inertia of the piece, and the effect on the bottom side is, theoretically, directly aa the force m 
the blow, less the inertia of the piew acted upon. In practice this difference of effect on the top 
and the bottom, or between tire anvil and the hammer sides of the iron, is much greater than would 
be supposed. The yielding of the soft metal on the top cushions the blow, and protects the under 
side from the force ; this, because the effect produced in striking a piece of heated iron is by no 
means to be measured by the force of the blow. It requires, to use a technical term, a ce^in 
amount of force to start the iron, and anything less than this force has but little effect in startinir 
the particles and changing the form of the piece. From this it can be seen that there must occur 
a great loss of power, for whatever force is absorbed by tho weight of the piece produces no effect 
By watching a smith using a hand hammer it will be seen that whenever the piece operated upon 
is heavier than the hammer, but little, if any, effect is produced on the anvil or bottom surf^ 
Nor is this loss of effect the only one. The cost of heating, which generally exceeds the cost of 
shaping, is directly as the amount of shaping that may be done at each heat ; and consequentlv if 
the two sides of a piece, instead of one, can be equally acted upon in shaping, one half the heatotir 
wUl be saved. Another consideration to be gained by equal action on both sides of laree pieces is 
the quality of the forrings produced, which is generaUy improved by the lupidity of the shaniuff 
processes, and injured by too frequent heating. This loss of effect by the inertia of the piece aotS 
upon being as the relative weight of the hammer and the piece, it follows that the loss increasea 
with the weight of the work; not only the loss of power, but the cost of heating, which also 
increases with the size of the work. There is such a difference in the meohaniMiI conditions 
^ween light and h^vy forgine that for any but heavy work there would be more lost than iraiued 
in attempting to evade or remedy this loss of effect on the anvil iace of the work 

“ To remedy this defect in heavy forging, John Ramsbottom designed what may be termed 
oompoimd hamm^, conastmg of two independent heads or rams moving in opposite directions, 
and acting simultaneously upon the work which is held between them. These tommern, were a 
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depaTtave from all modes of forging that had ever been practised to the time, and constituted an 
original invention ; one that has fally attested its value in actual service at Crewe, where such 
hammers have been at work for several years. 

** It will seem probable that the arrangement of these double-acting hammers is necessarily 
complicated and expensive, but the contrary is the fact. The rams are simply two masses of iron 
mounted on wheels that run on tracks like a truck, and the impact of each hammer, so far as not 
absorbed in the work, is neutralized by the other. No shock or jar is communicated to framing or 
foundation, as in the case of single hammers that have fixed anvils. The same rule applies in the 
back stroke of the hammers, as the links that move them are connected together at the centre, 
where the power is applied at right angles to the line of the hammer movement The links con- 
necting the two hammers constitute, in effect, a toggle joint, the steam piston being attached when 
the links meet in the centre. The steam cylinder is set at some depth in the earth below the plane 
upon which the hammers move, and even when the heaviest work is done there is no perceptible 
jar to be felt when standing near the hammers, bs there always is with those that have vertical 
movement and are single acting.** 

Besides^ the classes already mentioned, steam hammers are divided into single and double- 
acting hamlners. In the single-acting hammers the steam is only employed to raise the tup or 
hammer head, which is then allowed to fall freely by its own weight ; and the force of the blow 
struck is therefore only equal to the power developed by the given weight falling from the given 
height. In the double-acting hammers the steam is employed to accelerate the descent of tho 
falling mass, as well as to raise the same ; and as by this means tho rapidity of the descent may be 
made to equal double that due to the action of gravity, and as the force of the blow struck by a 
falling mass increases as the square of the velocity, it follows that the power of a given hammer 
may by this means be increased three or four-fold ; that is to say, a 5-ton hammer may be made to 
do work equal to that of a 15 or 20 ton single-acting hammer. Many hammers are now constructed 
to be used either as single or double acting, at tlie will of the operator. 

Fig. 1385 is of a single standard 20-cwt. Rigby hammer by Davis and Primrose of Leith. This 
hammer is double acting, the cylinder O being 19 in. diameter with a stroke of 42 in. The piston 
with the piston rod P are forged in one piece from the best scrap iron, the lower end of tho rod 
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being enlarged and formed with 
a dovetail slot to receive the 
hammer face H which is made 
of steel. In consequenoe of this 
formation of the piston and rod 
it is necessary to make tho 
stuffing box and gland of the 
cylinder in halves. The former 
is a tube of metal made to fit the 
interior of the cylinder and 
having a flange on the lower end 
by which it is bolted to the 
cylinder flange. The gland is 
of the usual kind, and the halves 
ajre held together by plates and bolts of malleable iron. The piston is fitted with Bamsbottom 
rings of steel. The valve V, which is a piston valve of wrougnt iron working in a brass-lined 
chamber, is shown in section in Fig. 1886, the lining / is pierced with holes opposite the ports Ibr 
the passage of the steam. The steam enters the middle of the valve at o, between the two pistons, 
and according as the valve is moved up or down the steam enters the top or bottom of the cylinder, 
• % t 2 
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and exhausts by the ends of the Talve, a passage p oonneoting the lower and upper ends of the 
chamber O to take away the exhaust steam fh>m the lower part. Connected to the valve spindle 
is a safety trigger T, the object of which is to prevent the piston f^rom striking the upper end of the 
cylinder. When the hammer rises beyond a certain point the enlarged end of the piston rod strikes 
this trigger and raises the valve, thereby admitting steam to the top of the cylinder, exhausting 
from the bottom, and so reversing the motion of the hammer. In thiB hammer the weight of the 
moving parts, piston, piston rod, and tup, is a little over 20 owt The total weight of the hammer 
is about 18 tons, of which the anvil block weighs about 6 tons. The diameter of the piston rod is 
9} in., and it is flattened on two opposite sides, the neok of stuflAng box and the gland being 
sunilarly flattened, in order to prevent the piston from taming round when working. Generally 
in this style of hammer the area of the bottom side of the piston is about three-fourais of that of 
the top side. The pressure of steam used varies from about 85 lb. to 60 or 70 lb. on the square 
inch. These hammers are also made with double standards, the standards being of box section 
and placed 12 ft. apart at the ground level. The total weight of a double standard S-ton hammer 
of this class, having a cylinder 25 in. in diameter and 5 ft. stroke, is about 46 tons, of which the 
anvil block weighs about 18 tons. 

In Fig. 1387 is a 3-ton hammer made by Davis and Primrose, in which the standards are made 
so as to form guides for the hammer head. The cylinder C is 22 in. in diameter with a 4-ft. stroke ; 
the valve.being similar to that in Fig. 1386. The framing S is of H section, except for very heavy 
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it ia m^e either of b.« eeotion in cast iron, or of wrought iron. The piaton and 

of ateel. _ ®io end of the rod la enlarged into a qiherioal form, aa ahown in dot at B ami info 

the tun IS inserted a auitablA /mn in flt thA anliAri/wl a>n^ ^ .i .a. ^ .. 


r‘ w I.UO jTuu io luw » spnencai torm, as shown in dot at W anfl inlA 
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Talv& between the two plstone, as in the hand-worked hammers, the exhaust from the under aide 
of piston passing through the interior of the valre to the discharge pipe placed on the top. The 
seli-aoting motion is given by a suspension lever L of a curved form, which is kept in contact with 
the hammer face T, as in Fig. 1889. The tup T as it rises pushes this lever to one side and causes 
the valve to rise until the lower port opens to the exhaust and 
the upper port to the steam, when the hammer descends, and the 
valve then moves in a downward direction. 

A double, single, and self-acting 10-cwt. steam hammer by 
Fawcett and Firth of Leeds, is shown in front elevation in Fig. 

1890. The hammer is firmly bolted to a stone foundation ; the 
anvil block B resting upon a distinct support, the upper part con- 
sisting of a double layer of balks which form an elastic cushion 
between the foundation and the anvil block. The weight of the 
anvil block is 5 tons, the total weight of the hammer, including 
the block, being 14*5 tons. The diameter of the cylinder C is 
Hi in., and the full stroke of the piston 2 ft. The weight of the 
moving parts, 10 cwi, gives a total of 2240 units of work, which 
is equal to the force exerted by a weight of 1 ton falling through 
a height of 1 ft. ; but by admitting the steam to the top side of 
the piston, and so accelerating its descent, the force of tuis blow 
may be considerably increased. 

This hammer is so proportioned in the various parts, that all 
are equally strong, and in order to facilitate the canning out of 
any necessary repairs the parts are made as accessible as pos- 
sible; the repairing of a steam hammer generally occasioning 




considerable expenditure, on account of the complex nature of its details, and the difficulty of 
gating at the vMious parts. One of the most important parts of all steam hammers is the valve, 
which is generally ^pled direct and worked by hand, and it is therefore necessary tl^t pressure 
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imd Mctton should be as much as possible avoided'; with a view to falfllUng these requirements, 
and at the same time rendering it easy to compensate for wear in either the valve or the cylinder 
face, the form adopted in this nammer consists of an equilibrium valve of a double V square 
seotlou, Figs. 1391 to 1895 : Fig. 1391 is a sectional plan on the line ef. Fig. 1392, a sectional 
elevation on the line a 6, Fig. 1393, a similar section on the line o d, and Figs. 1894, 1395, are a 
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front view and section of a portion of the cylinder face showing the position of the ports, tlic central 
ports being the exhaust. This valve slides in a corresponding V fs^ce in the cylinder, and in a V 
Jacket, by which the back part of the valve is enclose ; thus the only parts which are exposed to 
the pressure of the steam in the steam chest are the two ends ; and as tlie areas of these are 
equal, the friction is reduced to a miuimum. This form of valve admits of any wear, being easily 
adjusted ; os in order to follow this up it is only necessary to plane up the jacket faces at H. 

These hammers are made in various sizes, both os single and double standard hammers ; and are 
either double and single acting, with dead blow by hand lever ; or single and double acting worked 
by hand. In the former the valve is made without lap; in the latter lap is added to get the 
single action, and the valve travels more to get the double action, or stoam at the top of the piston. 
The sizes of the single standard hammers range from i cwt. to 10 cwt , ; and the double standard 
from 10 cwt. to 3 tons. • 

In Fig. 1396 is shown a 1500 kilo, steam hammer of German design. The framework of this 
hammer consists of two hollow wrought-iron standards S, slightly tapering, resting upon cast-iron 
bed plates F, which are held together by tie-rods T. These standards support a wrought-iron 
girder B, 3 ft. 1 in. in depth, on the top of which are bolted the cast-iron stendards G, to which the 
bed plate D Is bolted ; this latter carries the cylinder C. The height of these standards with the 
bed plate is 9 ft. 9 in. The standards G, besides being firmly fixed to B by a number of bolts, also 
abut firmly against the covering plates of the girder, so that any lateral movement in the standards 
would necessitate the shearing of all the rivets which pass through the plates. The distance 
between the standards S, centre to centre, is 20 ft. 7 in., their height 8 ft. 6 in., and their mean 
diameter about 5 ft. The total height from the ground level to the top of the bed plate D is 
21 ft. The diameter of the cylinder C is 3 ft. 7J in., and the full stroke of the piston 8 ft. 3 in. 
The piston and piston rod P are made of the best crucible cast steel ; the weight of the piston, 
piston rod, and tup lx?ing 14*75 tons, and tliis multiplied by the full stroke of the pisten gives 
272,580 units of work, equal to the power exerted by a weight of 121*6 tons falling from a height 
of 1 foot. The anvil) block H is cast in four layers, and is firmly bolted to a soparato foundation ; 
the diameter of the bottom layer of this blwk is 12 ft., and the top layer 8 ft. 9 in., the height of 
the anvil A being 3 ft. 10 in. The weight of each of the wrought-iron columns S is 2 tons 9J cwt, 
the bed plates F, 6 tons 17f cwt., the girder B, 6 tons 8 cwt., each of the cast-iron standards G, 
14 tons 5J cwt, the bed plate D, 5 tons 8i cwt, and the cylinder 0, 4 tons 181 cwt. ; the total weight 
of the whole structure, including the piston and tup, but excluding the anvil A and block H, being 
86 tons 21 cwt 

In Fig. 1397 is shown a front elevation of the 85-ton steam hammer erected at Woolwich 
Arsenal in 1873. As this hammer is double acting, it can be rendered equal to a single-aoting 
hammer having four times the length of stroke, or 42 ft, or to the same stroke with four times the 
weight, namely 140 tons, or about equal to a 150-ton single-acting hammer with a lO-ft. stroke. 
The standards S are of the ordinary H section, and are bolted to cast-iron box girders G bedded in 
concrete, these stendards and girders being independent of the foundations of the anvil. The dis- 
tance between the stendards 8 is about 19 ft. ; the height from the ground line to the top of 
the cylinder 45 ft. ; and there is a clear height for forging purposes of 11 ft. The diameter of 
the cylinder 0 is 54 in., with a full stroke of 10 ft. 6 in. From the great weight and length of 
this cylinder, it was thought probable that if it wore hold only by the bottom flange, the vibrations 
caused by the violent conoussions when the hammer is at work would oraok jho cylinder o^Qse to 
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the bottom flange, an accident which has happened with smaller hammers ; there is therefow pro- 
vided a second flange a, at some distance fVom the bottom of the cylinder, and the long bolts o, mm 
the entablature to this second flange, give a certain amount of elasticity to absorb the vibration. 
The valve is one of Wilson’s balance valves, which is easily manoged by one man, and can be 
lated so as to admit the steam at the top of the piston or not, at the will of the attendant. The 
weight of the falling mass is 35 tons, the full length of fall being, as stated above, 10 ft. 6 in. ; 
and in the hammer block B there is formed a well for the purpose of adjusting the distance of 
the blc^k from the piston in the cylinder G, bv which means the full amount of stroke can always 
be obtained, whatever may be the thidtmess ot the work operated upon. 

The ground upon which this hammer has been erected was at one time marsh land, and a large 
expenditure was necessary in order to secure a foundation which would be sufficiently solid, 
and at the same time elastic enough to withstand the impact of so great a mass. For this 
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pmpose the mund was excavated to a depth of nearly 26 ft. for a space of 42 ft. square, and in 
the centre of this hole one hundred piles P were driven in rows of ten, forming a square of 80 ft. 
on the side. The^ piles having been driven as far as thev would go, were cut off levm at a height of 
about 4 ft. 6 in. aWe the bottom of the hole ; and the hole was then filled in with concrete up to the 
level of the tops of these piles. Upon the top of this was laid a cast-iron plate I, 80 ft. squm and 
11 in. thid^ weighing 164 tons ; this plate was cast in three pieces, for the purpose of rendering it 
less liable to wcidente in transit. On the top of the plate I are two layers of oak balks, 12 in. 
^nare, upon which is a ^nd cast-iron plate K,oa8t in two pieces, which weighs 121 tons, and is 
27 ft. by 11 in. thick. I^n this plate are oak balks M, 2 ft. long, piston eud, SM fitted 

accurately iogeihor to form a sohd mass, and which are held together by hands o^ iiou 6 in. bread 
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and 2 in. thick* On these timbers is placed a third plate L, 24 ft. square and 12 in. thick, also 
oast in halves, and weighing 120 tons. Upon this is placed a thin layer of timber and felt, in order 
to fill up any inequalities or to make up for any want of flatness in the castings ; and then comes 
a fourth plate N, 22 ft. square, 12 in. thick, and weighing 100 tons, which is cast in one solid piece. 
Upon the plate N is placed the anvil block A, which is a frustum of a cone 15 ft. in diameter at the 
base, 12 ft. diameter at the top, and weighing 103 tons ; and upon this is placed the anvil A', weigh- 
ing 70 tons. It will thus be seen that the weight of cast iron in this foundation is nearly equal to 
700 tons. The whole of the space around the foundation is filled in with concrete. 


1898 . 




1399 . 




_ 1 . 1398 to 1401 is shown the 8000 kilogramme steam hammer erected by Schneider of 
Creusot, which is the largest steam hammer in existence. Fig. 1898 is a front elevation, and section 
through the foundations ; Fig. 1399 is a side elevation ; and Figs. 1400, 1401, i^ow the method em- 
ployed for connecting the tup to the hammer block. The foundation for this hammer was excavated 
to a depth of about 86 ft. The first portion of the foundation consists of a mass of masonry in 
cement M, 18 ft. in thickness, and containing upwards of 785 cubic yards; on the top of this 
masonry is laid a bed of oak planks, O, 8 ft. 8 in. thick, to form an elastic cushion or seat for the 
anvil block B. This block is of oast iron, and consists of six layers, each of the layers, with the 
exception of the top one, on which the anvil A rests, being cast in two pieces ; it is 18 ft. 4 in. in height, 
its area at the base teing 855*2 sq. ft., and at the top 75*8 sq. ft ; me total weight of the anvil and 
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block being 7S6 tons 12 owt. 
inde^ndent of the main sup 
the sides of the block being 


It will be seen that the anvil block rests upon the fonndation entirely 
arts of the hammer, the space between the foundations of the latter and 
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led in with oak planning, as shown at O, Fig. 1898. The main supports S 


_ _ . _ iipportSD 

are rectangular in sectioir; they are cast hollow, each one being formed in two pieces, ana TOlted 
together in the manner shown in the figures ; they rest at the ba^ on massive cast-iron bed plates B, 
to which thw axe keyed, the bed plates resting on the masonry M surrounding the anvil block. 
The guides G are cast separately, and are bolted 
to the supports S, as in Fig. 1398, the whole being 
firmly hela together by the wrought-iron bracing 
plates T, which weigh 24 * 5 tons. The height of the 
main supports S is 88 ft. 7 in., and their weight, 
including the guides G, 245 '5 tons. On the top 
of the standards 8 is fixed the entablature E, whicn 
supports the cylinder G, and this entablature 
weighs 29*5 tons. The cylinder G is made in two 
lengths, each 8 ft. 2 in. in height, the two parts 
being united by bolts ; the internal diameter of the 
cylinder is 6 ft. 3 in., and the piston rod P 14 in. 
in diameter, the cylinder with its cover weighing 
21*6 tons. The distribution of the steam within 

the cylinder is effected by means of two single equilibrium valves, the diameter of the admission 
valve being 13^ in., and that of the discharging valve 18 in. ; these valves are operated by means 
of rods and levers, which are brought down to within the reach of an attendant standing upon 
the platform D, which is fixed at about 10 ft. above the level of the floor, and which affords a pro- 
tection from the heat of the forging. The area of the under side of the piston, deducting that of the 





piston is 4238 sq. in., which gives, with a pressure of 71 lb. per sq. in., a total lifting force of 134 
weight of the falling mass, inolnaing piston, rod, tup, and all moving parm, is 79 tons, 
and this multipli^ by the full stroke of the piston, namely 16 ft 5 in., gives a total of 2,886,400 
? which is equal to the force exerted by a weight of 1247 tons mlling through a height of 

between the supports 8 is 23 ft. 9 in., and the clear height under the lower connecting 


and the clear height under the lower connecting 
lere is ample room for the manipulation of the ^kigest mnsifw with 
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which the hammer may haTC to deal. The clear width between the tnp ^idee G is6 ft. 8 in. The 
height of this hammer f^om the bed plates B to the top of the cylinder 0 is 61 ft., and the height of 
the anvil block 18 ft. 4 in., which gives for the whole structure, including the thickness of the 
masonry foundation, a total height of over 92 ft. Notwithstanding this great height, which 
naturally tends to reduce the stabUity of the hammer, the whole has been so well proportioned, and 
the oak cushion beneath the anvil block acts with such efficiency, that rigidity has been secui^, 
and the vibratory shock at a given distance is less severe than with many smaller hammers. The 
total weight of the whole of the parts from the bottom of the bed plates B to the top of the cylinder, 
including the moving parts and all parts necessary to the mechanism, is 520 tons 18 owt., and 
this added to the weight of the anvil and block, namely 736 tons 12 owt., gives a total weight Gi 
1257*5 tons for the whole structure. 

Bturgeon*s valve gear for steam hammers is shown in Figs. 1402 to 1404. Fig. 1402 is a 
partial side elevation of a steam hammer indicating the position of, and the manner of connecting 
the valve levers ; and Fig. 1403 is a vertical section through the levers. The gear renders the 
valve self-acting and regmating, so that it may adapt itself to all variations in the stroke caused by 
the varying thickness of the masses of metal upon which the hammer is required to operate. For 
this purpose the valve gear which is employed for reversing the valve for the up stroke, follows 
the hammer throughout the whole of its stroke, so as to be always in a proper position for 
reversing at the moment when the hammer strikes the object plac^ beneath it, the necessary 
motion being given to the valve by means of the jerk caused by the impact of the hammer. A 
is the hammer frame or standard, B the piston rod, and G the tup. In one of the sides of the tup 0 a 
slot D is formed to receive the stud e at the end of the link E, and to the same face of the tup the 
link F is connected by means of the stud /. The link E, at the end e\ is connected to the lever 
H, having a boss h working upon the plain part of the stud L. The lever H and the links E and 
F are all connected, by moans of the short elbow link I, to a second lever G, as in Fig. 1403 ; 
Fig. 1404 being a plan of the end of the link E. The lever G is arranged so as to move through 
an arc and at the same time to admit of an up and down movement on its fulcrum L. Through 
the centre of the boss // passes a second boss k naving a slot cut in it in order to allow an up and 
down motion upon the square part I of tho stud L ; the boss k being steadied and guided in its 
movement by the stem K working through the guide M. To the upper end of the stem K ia oon- 

1406. 1411. 1407. 



nected the rocking lever N, working upon the centre n, and to the opposite end of this lever the 
valve rod B is connected. When the hammer strikes the object on the anvil O, the shock caused 
by the impact forces tho stud e forward in the slot D to the position shown by the dotted lines. 
This motion of the stud e and link E raises the lever G and stem K, and so depressing Uie valve 
rod B and reversing the valve ; the hammer then commences its up stioke and continues to rise 
until, by the motion of the links and levers E F G H, the end of the rod 6 working through the 
guide 8, is brought into contact with the stop T, this forces down the lever G and raises the stud 
a to its fonuor petition, thus again reversing the valve and causing the hammer to descend. The 
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stop T is held in position and caused to act upon the rod S bv the luring i ; and this arrangement 
allows the stop to aooommodate itself snffioiently to the slight additional upward motion of the 
hammer which takes place after the reversing of the valve, such motion beii^ due to the vis viva 
of the moving mass. In hammers having only a short stroke the stop T is nxed, but when it is 
requisite that the hammer shall admit of variations in the height of fall the stop is carried on an 
adjustable plate. When it is required to work the valve by hand or 
stnke a dead blow, it is necessary to disconnect the rocking lever N from 
the other parts of the motion by drawing out the handle P, and thus 
allowing the stem K to work through the slot in the rocking lever N, 

Figs. 1403 and 1405. In this case also the stud e may be tightened in the 
slot D by means of a bolt 

Sholrs atmospheric hammer, Figs. 1406 to 1411. Fig. 1408 is a hori- 
zontal section tl^ugh the ^linder or tup B; and Fig. 1409 is a vertical 
section of the same on the line ai x. In this hammer the striking part B 
consists of a cylinder C with a piston D which is connected by means of 
the piston rod E and connecting rod F to the crank pin G ; the cylinder 

0 being filled with compressed air which forms an elastic connection be- 
tween the striking part and the power by which it is operated. O is 
lined with lignum-vitm or some other slow conductor of heat, in order 
that the heat generated by the compression of the air in the ^linder may 
not be communicated to the adjacent parts, and to prevent injury to the 
packing leathers of the stuffing box and piston ; for similar reasons the 
piston D is made of the same non-oonducting material. One of the 
principal features in this hammer consists in the stuffing-box leathers a 
and cylinder leathers a* ; these are so arranged that the pressure of the air 
within O tends to force them into contact vnth the surface of the cylinder 
and of the piston rod, and by these means a perfectly air-tight joint is at 
all times secured. I^g. 1410 is of an alterative method of fitting the 
poking leathers a and a' ; annular recesses are turned in the face of the 
piston and of the cylinder cover which are free to communicate with the 
Interior of the cylinder by means of a number of small apertures c and c' ; 
the compressed air passes through these apertures and so forces the leathers 
a and a* against the surface of the cylinder and of the piston rod. In the 
side of the cylinder C is formed an air-tight passage d which, by means of 
the valves e placed at the top and bottom, communicates with the interior ; 
in the side of the cylinder are also formed a number of small apertures 6 
which are opened and closed by valves. These valves may be opened 
or closed at pleasure, and are arranged to be actuated by the cylinder 
in its reciprocating motion, their object being to regulate the force of the 
blow struck by the hammer. The driving power is a belt, its action being 
regulated by means of the steel friction br^e /, which is actuated simul- 
taneously with the belt tightener by the treadle h ; and by this arrange- 
ment the hammer may be made to deliver > blows with any desired force 
or rapidity, or to give a dead blow. In conjunction with this hammer, 
a special construction of anvil, Fig. 1411, is employed. The anvil block 

1 can be raised or lowered at pleasure bv means of the wedge pieces k and 
/, which are caused to approach or receae from each other by the right and left handed screw m. 
llie principal object of t^ arrangement is to allow of the hammer delivering any number of light 
blows with great rapidity. 

David Davy’s power hammer, Figs. 1412 to 1414. Fig. 1412 is a front elevation partially in section. 
Fig. 1413 is a vertical cross section, and Fig. 1414 a horizontal section through the cylinder 0 and 
framing. In general structural appearance this hammer is very similar to the ox^nary pneumatic 
hammer ; the tup A being attache to a piston B working in a cylinder C, connected to a crank 
shaft £, from which it receives its motion in the usual way. The construction of the cylinder, 
however, differs considerably from others. In pneumatic hammers as usually constructed the air is 
admitted to the cylinder O at atmospheric pressure, the compression above and beneath the piston 
necessary to raise the hammer and to acc^erate its fall, being effected within the cylinder itself, 
and consequently the construction of a very powerful hammer on this principle is almost Imprac- 
ticable, on account of the large capacity which would be required in the cylinder; but in this 
hammer the air is introduced into the cylinder at a higher pressure than that of the atmosphere, 
and increased according to the power required. Steam may be employed to take the place of com- 
pressed air in the cylinder 0, but in that case provieion must lie made for carrying off the 
water of condensation. It is claimed for this hammer that by supplying the air to the cylinder 
C at a pressure exceeding that of the atmosphere, the power of the ^mmer is increased to a 
corresponding degree ; and that consequently under this svstem very powerful hammers may be 
constructed without increasing the dimensions of the cylinder O as would otherwise bo requiiud. 
On each side of C is a pipe F for conveying the compressed air from the accumulator B, Fig, 
1415, to its interior; the portions F' of these pipes are parallel to the sides of the cylindw 
C, and pass through stuffing boxes at the top of the chambers Q situate on each side ; the 
cylinder in its reciprocating motion slides up and down the pipes F’, and so maintains a constant 
connection between the supply pipes F and chambers G. The chambers G communicate with 
the interior of the cylinder O by means of the holes H which aie placed so as to be imme^tely 
a^ve and below the piston B, when the latter is at the centre of its stroke : and these holes axi 
fitted with screw plugs H’ by which any of them may be closed, in onler to regulate the amount 
of extra compression which shall take place in the cylinder 0 in the ordiu^ way On the 
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inside of the cylinder 0 there are longitudinal relief channels 1 for the purpose of allowing the 
compressed air to pass fiom the upper to the lower side of the piston B, when the latter passes 
beyond the ends of the channels, ana so to restore the equilibrium within O. Fig. 1415 is a section 
through the apparatus employed for supplying the compressed air to the cylinder O. The 
cylinder of the air pump M, with its section and delivery valves N O, are placed within the 
closed chamber F, which is ^ed with water to above the level of the opening Q, the water being 
poured into the cistern at the siphon trap Q', through which also is drawn the supply of air to 
the suction valve K ; the object of this arrangement being to purify and cool the air before com- 

S ressing it. The bottom of the accumulator chamber B' is also made to dip into the water in 
^e cistern P for the purpose of keeping cool the compressed air contained therein. The accumu- 
lator ram B is load^ with weights in the usual way in order to obtain the required pressure 

1412. 

I I 1413. 



within the chamber B' and cylinder O. The pump plunger E is worked from an ecoentric on the 
shaft L. To obviate the necessity for stopping the plunger K each time that the accumulator 
cylinder is sufficiently charged, the following means are adopted. A rocking shaft B is mounted 
in the cistern P, and is provided with a cam or lever arm S' so placed as to be capable of lifting 
the suction valve N off its seat and supporting it in that position. One end of the shaft S is 
prolonged through the side of the cistern P, and is provided with a lever arm and a connecting 
rod T, thus causing the shaft S to revolve and the cam S' to rai^ the suction valve K from its 
seat, so that the plunger E will continue to oscillate without sup^ying any air to the accumulator 
B'. Directly the quantity of air within the accumulator B' is reduced and the ram B descends 
the rod T will drop and allow the cam S' and valve N to return to their former positions, and 
the pump will again commence to deliver air to the accumulator B'. 

Longworth’s pneumatic hammer, of which Fin. 1416 and 1417 are front and side elevations, is 
so complicated in the details of its construction, Siat it is very questionable if it can afford satis- 
ffictory results in working, as among so much complication of parts there must of necessity be liability 
to derangement ; at the same time the manner of constructing the cylinder, which does away wi& 
the necessity for the use of packing, must be an improvement of much practical vidue if found to 
work satisfactorily. The peculiarities in the construction, and the manner of actuating this hammer 
however, l>o readily understood from the following description. The horizontBl shaft A is 
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two cams B and C are ^sel; 


same time be free 


1415. 


loosely fitted, 
to slide upon 

it. On the shaft E, which is p^Uel to A, is fixed the rocking lever D, and to this a reciprocating 
motion is given by the acticm of the cams B and C upon the rollers b and c, these rollers being fixed 
to D ; and this motion of the rooking lever is oommunioatod to the hammer F, the cam B acting 
upon the roller b lifting the hammer, while its 
downward stroke is accelerated by the action of 
the cam O upon the roller c. In order to do away 
with the necessity for packing glands to the air 
cylinder of the tup, the same is constructed as 
in the section, Fig. 1417. The main or outer 
cylinder F, which forms the tup, slides in V-shaped 
guides in the framing of the machine, and has 
working in it the piston P, this being formed with 
an internal cylinder to receive the secondary 
piston /, this latter piston being attached to the 
main hammer F, by a pin /' which passes through 
slots in the piston P ; through the upper part of 
the piston P passes the pin^', which forms with 
the lever J the means of connection between the 
rocking lever D and hammer F; and into the 
top of the piston P is screwed a guide rod p, 
which works through a part of the framing. The 
action of these pistons and cylinders is as follows ; — 

When the piston P is forced down, a cushion of 
compressed air is formed between the bottom of 
it and the interior of the main cylinder F ; and 
when the piston P is raised a similar cushion is 
formed between its interior and the bottom of the 
piston / ; the air for this purpose entering through 
holes or ports formed in the side of the main 
cylinder F, Fig. 1417. To the boss of the rising cam B is fixed a circular disc G, the radius of which is 
equal to the liirgest r^ius of the rising cam. When the hammer is required to remain at rest, the disc 
G is in the position in Fig, 1417, when it supimrts the roller 6, and with it the rocking shaft D, the 
shaft A revolving without imparting any motion to the rocking lever. On the side of tlie disc Q 



1416. 


1417, 



there is an inclined cam and on the bo08 of the disc a similar cam g * ; these cams are situate in dif* 
ferent planes, and are inclined in opposite directions. Below the shaft A and between the earns gg* it 
a horizontal disengaging roller H mounted upon a vertical lod 4, which is oonnsoted to the foot l^vet 
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; the roller H being held in its normal or depressed position by means of the spring d, the lower 
end of which is connected to the framing, and its upper end to the rod A. By pressing down the 
lever V the roller H is brought into the plane of the cam g\ and by its action causes the cams B C 
and disc G, with their connecting bosses, to slide upon A towards the right hand, which brings the 
cams B and O into the planes of the rollers b and c. The rotation of the shaft A will now cause B 
and 0 alternately to depress and raise the hammer ; and this action will continue so long as the 
lever 4' is held down, so that a single blow or any number of blows may be struck by the hammer 
as required. Directly the lever h' is released the spring d draws down tiie roller H into the plane 
of the cam r/, the action of the roller upon the cam g causing the cams B and O and disc G to slide 
in the contrary direction, or toward the left hand, which brings the various parts into the position 
Fig. 1417 ; and so arrests the motion of the hammer by the action of the disc G. Upon the shaft A 
are two collars c e\ which fit into recesses formed in the bosses of the cams B O, and act as air pistons 
to check the momentum of the cams when sliding on the shaft for the purpose of putting the hammer 
in or out of gear ; there is also an arrangement, shown in Fig. 1417, for preventing the roller H 
from being forced out of the plane of the inclined cams g g* while acting upon them. The distance 
to which the hammer is raised or depressed, and consequently the force of the blow, is controlled and 
regulated as follows. The connection between the rocking lever D and hammer F is formed by 
means of the lever J, which is circular in cross section : and this lever slides freely through the pin 
y, in the upper part of the piston p. One end of the lever J is connected to the rocking lever D by 
the connecting rod K, and the opposite end is pivoted on a movable fulcrum on the hanging arm L, 
which is fixed to a sector shaft t carried by the main framing ; and according as this fulcrum is 
moved to the right or left hand, relative to the connecting pin a greater or less movement will bo 
given to the hammer F. To control the movement of this fulcrum, a forked lever M is connected by 
a series of shafts and levers to a clutch m on the shaft A ; the clutch being so connected to the 
shaft 08 to revolve with it, and at the same time being free to slide upon it. The clutch m is 
situate between two bevel wheels n n\ mounted loosely on A, each of these wheels being formed 
with a clutch on its surface. The wheels nn' both gear with a pinion on the shaft N carrying a 
worm O which gears into a toothed sector o on the sector shaft 1. When the forked lever M is 
moved to the right or to the left the clutch m is brought into driving contact with one or other of 
the bevel wheels n n\ causing the shaft N and worm O to revolve, and so moving the sector o and 
sf^ctor sliaft /, to which is fixed the arm L ; this, according as the sector is moved in the one direc- 
tion or the other, increases or decreases the length of tho lever J on the side K, thereby increasing 
or shortening the distance through which the hammer F is raised and lowered, and so causing a 
heavy or light blow to be struck as required. To tho lower arm of the toothed sector o is pivoted 
a rodfR sliding freely in the guide r, and carrying two adjustable stop-collars s s'. When the toothed 
sector 0 is moved in eitlier direction the collar s or .s' comes in contact with the arm r on the clutch 
shaft, and throws the clutch m out of gear with the bevel pinion o or p as the case may be, and 
prevents any further motion of the arm L. Tho connecting rod K and fulcrum arm L are each 
provided vrith more than one hole, so that the hammer F can be raised or lowered bodily, to admit 
of greater variation in the thickness of the work operated ujpon. 




Fig. 1418 is a side elevation of Butterfield’s atmospheric hammer. The main frame of the 
hammer G is provided at the top with plnmmex blocks to support the journals 6 of the hammer 
beam B, of which Fig. 1419 is a plan. This beam is of cast iron, in one piece, in the form of a 
truss, having a central lon^tudinal web x with flanges and ribs yz ora each side of it ; the journals 
b being situate at about midway of its length. To the forward end of the beam B is attached the 
hammer A, which is connected to the hammer beam by the forked rod end e. Between the cross-bead 
F and cups 3, Figs. 1422, 1423, are fitted solid indiarubber cushions F'; these cushions are provided 
‘with a central hole to allow of the passage of the rod 4, and Uiey are finally held at a proper ten- 
sion between the cross-head and cups by means of a tightening nut screwing upon the rod 4. The 
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oushionB F' allow to the hammer A an easy movement, preventing shook and oonoossion, and 
relieviog the hammer rod firom mnoh of the n^tance due to the rebound. In the oiroular loop A 
at the back end of the beam B is suspended the air cylinder O, Fig. 1418* which is free to oscillate 
upon the screws i by which it is supported. O is closed at both ends, the piston rod E passes 
through a stuffing box, and is connect^ to the rod of the eccentric J. In the side, at about mid- 
W9,y of its length* there is a small hole forming a communication between the external air and the 
interior of the cylinder. The eccentric J is made 

with a central slot to allow of its being adjusted to 1423 . liai. 

give a greater or less throw, in order to obtain any 

lequired length of stroke of the piston I) ; and this n 

eccentric after being adjusted is firmly secured Uph 1 9 1 oJc a 

upon the shaft H by means of a nut turning tmon J ^ 1 

the shaft and a set screw passing through the collar, lye ^ x 

as in the section Fig, 1420. Between the hammer y\ Ij e w 

A and main standard G is suspended the supple- | U fs 

mental cylinder L* shown in section Fig. 1421, the ff ^ . U HiBB 

piston rod I is connected to the hammer beam by j L^TSl I 

means of the centre screws m, the cylinder itself being ( ^1 it 

m suspended on its centres n as to be free to oscll- j] : Ijp BlBJ i fM H 

late backwards and forwards in conformity with the Lr l ^ plrT 

up and down motion of the beam B. The diameter of 

the cylinder L is less than that of the cylinder C ; \i ^ 

and the length or thickness of the piston P is nearly U I 

equal to half the length of the interior of the cylinder. J I mSw ri' ' i/ t 

In the side of L, and about midway of its length, are ^ ( /A ) ^ * 

two small holes q, forming a communication between Q " P VxTi/ U w 

the external air and the interior of the cylinder; *■' * * f 

and at the top and bottom of the cylinder, and com- 1420 . 

municating with the interior, are two cocl^ p and t?. 

This hammer is constructed to be driven by the power obtained from a belt applied to the pulley 
K, on the shaft of which is fixed the eccentric J ; the shaft H being supported in pluromer blocks 
which are fixed to the projecting arm d of the main framing G. The treble 8 and tightener T are 
for starting, stopping, and rejplating the speed of the hammer. The treadle 8, Fig. 1418, is 
pivoted upon pins which are fixed in the sides of the framing ; on the side where the belt pulley K 
is fixed the end of this treadle has a segmental rack t gearing into a similar rack u on the front of 
the tightener arm U, pivot^ upon the pin v, which is fixed in the side of the arm d; on the under 
side of this arm is aprmecting woe to, which extends within the rim of the pulley K, and this shoe, 
when the treadle is released and the tiglitener falls aw(w from the belt, acts as a brake upon the 
pulley, and so arrests ^e motion of the driving shaft BL ; on the opposite side of the framing the 
end t' of the treadle 8 is formed to act simply as a counterweight. The cylinder C with its attach- 
ments is construct^ to equal the weight of the hammer A and its attachments, tlius balancing tho 
beam B upon its journals b ; and, consequently, the power required to work this hammer is small, 
being only so much as is necessary to overcome the inertia and friction of the parts. 

When the piston D, by the revolution of the eccentric J, is caused to descend, the compression 
of the air in the lower part of the cylinder O commences immediately that. the piston has passed 
the opening A, and directly the power developed by this compression is sufficient to overcome the 
inertia and friction of the moving parts tho cylinder C is drawn down, and the hammer A begins to 
rise; when the eccentric arrives at the bottom of its throw, and the movement of the piston is 
reversed, the hammer A will continue to rise under the combined influence of the power developed 
by ^e expansion of the air in the bottom of the cylinder O and the momentum which it has 
acqui^ from the downward stroke of the piston, until the power developed by the compression of 
the air in the upper portion of the cylinder is sufficient to overcome tnese two forces, when the 
hamnaer will be driven down upon the anvil B, the force of the blow being in proportion to tho rate 
of reciprocation of the piston D. While the eccentric J is passing over its lower dead centre the piston 
D, with its rod and (^nnections E, is supported by the compressed air in the bottom of the cylinder, 
and thus the eccentric is relieved of all thrust while reversing the motion of the rod and piston ; and 
the same relief is accomplished while the eccentric isjpassiiig its upper dead centre by tho liction of the 
compressed air in the upper part of the cylinder. This arrangement possesses, however, the disad- 
vantage of causing an upward thrust upon tho bearings 6, consequent upon the continued upward 
movement of the hammer, after the reversing of the rod E ; and it is for the purpose of counter- 
acting this strain that the intermediate cylinder L is employed. The motion of the piston P is 
contrary to that of the piston D, and consequently when the cylinder 0 descends, the piston P is 

r1nt.wn in iViA inn nP T. aniT i ^ « 


drawn w tne top ot Li, and the tension of the compressed air therein is opposed to the downward^ 
motion O ; and by the proper balancing of these opposing forces all upwara thrust of tho journals 
6 IS prevented, the Immmer beam B working smoothly without any jar or shook. The regu- 
lating of these forces is accomplished by means of the oockp, by the opening or closing of which 
a greater or less escape of the compress^ air will take place from the um>6r part of the cylinder L. 
The piston D pas^s its vent k at midway of its stroke ; but the piston P cuts off its vent g almost 
imm^iately mat it begins to move, so that the amount of compression obtained in the cylinder h 
will TO about double that in the cylinder C; this allows of a corresponding adjustment of the valve 
f I matter of gr^t importance in hammers of this class to be able to vary the power of 

blow without altering the sp^d, and this is effected in this hammer by means of the valve r, which 
18 plao^ at the bottom of the cylinder L. When r is closed, the air which is oompreaBed under the 
affe^ ^ exerted by the downward strolm of the hammer, without in any way 
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Alfred Davy's power hammer is shown in Figs. 1424 to 1426 ; Fig. 1424 is a front elevation, 
Fig. 1425 a side elevation, and Fig. 1426 an enlarged view of the tup and its connections. The 
shaft D is so arranged as to be capable of being rais^ bodily, so as to increase the distance between 
the face of the tup C and of the anvil B; by which means the hammer may be caused to give any 
number of light or neavy blows without interfering with its speed, or it may be so far raised as to be 
free to oscillate without giving any blow. At the upper part of the standards A are two guides G, 


1424. 1425. 



between which are placed the bearing blocks F, which carry the shaft D ; the blocks P being free to 
slide up and down between the guides G. To tlie rear guides are pivoted the levers H, wliich pass 
througti slots in G. At the back of these levers are fixed weights W sufficiently heavy to counter- 
balance and lift the hammer tup C and shiift D with their connections, and at their forward ends 
the lovers are connected by means of the rods I to the treadle K. The parts H, which pass through 
tlie guides G, are slightly rounded on their lower and upper edges. When the hammer is out of 
gear, the levers H cause the blocks F to rise in the guides by the 
action of the counterweights W ; and thus lift the driving shaft D, 
and with it the tup C, so that the latter will continue to oscillate 
without striking the face of the anvil. By pressing down the 
treadle K, C will strike the object placed beneath it, the force of 
the blow being in proportion to the extent that the trt^adle K is 
depressed; the farther the latter is pressed down the heavier being 
the blow delivered by the tup, and conversely. The tup C, made 
of oast steel, has an opening c extending from front to back. 

Through the upper part passes the spindle I-*, on whieli are fixed 
the two rubber cushions N N', supported in their proper jKisition by 
metal discs and nuts screwing on tne spindle L ; the <iistanoe apart 
of the cushions Ixjing so regulated as to give tliat amount of play 
between them and tlie part of the tup which they embrtice, which 
is best suited to the size of the work being operated upon. The 
spindle L passes through the guide M, bolted to the standard A, 
and is connected to the eccentric rod E'. The cushions prevent 
or minimise the shock to the driving shaft and other working parts 
of the hammer, and the play between them and the top servos to 
accommodate the hammer to work varying in size within certain 
limits; sufficient play being always allowed to permit of the tup falling entirely independent of 
its connections, so that the force of the blow is due solely to the velocity and weight of the tup, 
and is not either accelerated or retarded, by the indiambber cushions, at the instant the work is 
struck. 

Fig 1427 is a front elevation of Ghissop’s hammer. The power is applied to a pulley on the 
shaft of the fivwheel N by a belt, the hammer being lifted by means of the cams L which are 
fixed to the shaft M. The frame A is of cast iron, secured to the base plate B, and is further 
secured by means of the cap 0. D is the anvil block supporting the anvil £. The tup F is 
supported by the lever G, having its fulcrum at H. The end G' of this lever is made of a circular 
form ; the opposite or shorter end of the lever is acted upon by tiie springs J, the tension of which 
Cft Ti be regulated by means of the sctows K ; the object of these springs being to balance the weight 
of the tup F, and so reduce tlie work of the cams to a minimum. The rounded end G' of the lever 
G bears on two removable blocks 1, which are let into recesses in the tup F, so that the lifting 
action of the lever is always in a line perpendicular to the axis of the tup. On the sides of the 
• 2 z 
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tup arc ^uidt) strips O, which work in grooves formed in tlio standards A ; F and P' arc two 
friction blocks, having r spring between them, and B is a W(*dge-shaped slide which is raised 
and lowered by means of the treadle S aeting through the rod T and lever U, the wedge R being 
forced upwards and held at its highest jjosition by the action of tlie spring V on tlie rod T ; 
ami when the wedge is in this position, the lever G is supported out of retich of the cams Ij. 
so that the shaft M may continue to revolve without causing the hammer to act. On the under side 
of the cap C is a box X, in whieh is secured a strong rubber or steel spring W. When the hammer 


is in gear, tht‘ tup is propelled against this 
spring by the acti m of tlie cams L (m the 
lever G, causing the tup to desce nd \Nith 
a much, greater foice than it otherwise 
would. TlkC moti\e i»ower having been 
applied to the pulley on the shaft M tlie 
latter will revolve, and w'lth it the «ims L ; 
the workman then j^resses down the treadle 
S whieh releases the tut>, the revolution of 
the cam L then lifts the leve r G and with 
it the tup F, and wlieii the puint of the cam 
passes tlie jirojeetion on the lever (» the 
tup droj)S ; the speed, however, at which 
the lever is Iifte<l by the cam propels it 
considerably higher than the cam itself, 
and causes the tup to strike against and 
compress tlic spiing W, the reaction of 
which accelerates the fall of the tup, and 
increases the power of the blow. In order 
to obtain a lighter blow the pressure of the 
operator’s foot on the treadle 8 is jiartially 
withdrawn, and the action of the spring 
V on the friction blocks causes a pressure 



on the long strip O, thus retarding the 
a<*tiori of the tup ; and when the pressure 

of tlie fool is entiiely withdrawn from the treadle, the tup will be caught at its highest point, and 
held by tin; friction bhicks suspended out of reach of tlie action of the cam I until pressure on the 
treadle again releases it. 

Basse’s friction forge hammer, shown in side elevation in Fig. 1428, differs considerably in its 
mode of action from those already descrilied, resembling somewhat that of a pile driver. At the top 
of the main framing M are two friction rollers A, the axes of which revolve in eccentric l>earings 0, to 
which are connected the segmenUd racks V gearing into each other. By raising or lowering the 
rod F, by means of the lever arm E, the axes C are brought nearer to or more distant from each 
other ; the arm E being so balanced by the action of the spring G, which is attachid to the rod F 
and to a part of the main framing M, that this lever E will remain suspended in the (KKiition in 
which it may bo at the moment when rcleiiscd by the workman. In order to ensure, as much as 
possible, the uniform rotation of the friction rollers A, each of the axes C is provided with a fly- 
wheel P, either of which may be usi d as a driving pulley. The hammer blo(»k H is attached to 
the hammer stem B, Figs. 1428 and 1429; it consists of a strong central core with a facing on each 
side, the whole sc'curely bolted togetlier and flrmly hold by trenails: the grain of the facing 
should run in a diagonal direction, and it is best for the two sides of the stem to haver tiie grain 
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running at right angles to each other ; the object of this arrangement is to expose a better biting 
surface to the rollers A than would be the case if the grain ran in the usual perpendicular direction. 
The hamhier stem is made with a gradual taper on each side, and is formed with a sudden reduc- 
tion of thickness at x. Motion being imparted to the friction rollers A, Fig. 1480, by means of a 
belt applied to one of the flywheels, the workman raises the lever E until the friction rollers nip 
the hammer stem, and the latter is then lifted by virtue of the friction which is produced between 
it and the rollers; by pressing down the lever E the hammer stem is released, and the hammer 
falls on to the anvil I, the force of the blow being in proportion to tlie height to which the hammer 
has been lifted. As the hammer stern is of a tapering form, it will only be raised by the friction 
rollers so long as they continue to approach each other, and so follow the reducing thickness of the 
stem ; and consequently the hammer will only continue to bo lifted as the operator continues to 
raise the lever E ; when this is released the hammer will be held suspended by the action of the 
spring G. After the hammer has been raised to its full height the sudden thinning of the stem at 
X prevents its being raised any farther, and so avoids injury to the friction rollers. By these 
arrangements the hammer is capable of delivering blows with any required degree of rapidity or 
force ; while at the same time it will be found almost as easy to control as an ordinary steam 
hammer. 

Stacy's revolving hammer. Fig. 1431, is arranged to deliver a series of elastic blows, in very 
rapid succession. When employed for shaping round bars, the faces of the hammers G and of the 
anvil I are shaped as in Fig. 1432 ; for reducing the thickness of plates, a hammer face as in Fig. 
1433 is employed, whore the rounded part of the face gives the blow, the flattened portion of the 



same acting as strips to regulate the amount of reduction in thickness which shall be given to the 
pinto. Tho rotary shaft A is mounted in the arms B ; the opposite ends of theso arms being 
carried by the fixed axle C which is supported by the brackets D. Through the front end of the 
arm B there passes a rod E, tho upper part of which is provided with a screw thread working in a 
fixed qut E^ ; and by means of this rod tlie axis A may be raised or lowered at pleasure, so as to 
accommodate the hammers G to the thick- 
ness of the work, and to regulate tho force 
of the blow to be given. The curved arms 
F' are cast with the boss F, and to their 
ends the hammers G are hinged ; tho joint 
pins of tho hammers being equidistant from 
each other and from the axis of rotation. 

The arms F\ at alx)ut the centre of thoir 
length, are cast with swells having holes 
pieroed through them to allow of the pas- 
sage of the stop-pins H ; which are screwed 
into the backs of the hammer heads G, and 
they are fitted with adjusting nuts at their free ends for determining the distance which tho 
hammers shall fly out when impelled by centrifugal force. The hammer faces are slightly rounded 
at their forward part for tho purpose of allowing the hammer to come fairly over its work before 
striking, and so causing it to deliver a swinging blow in the direction of a lino radiating from tho 
‘ ‘of the marine. The shaft A is driven by spur wheels Ii L/, and these receive motion 
and pulley MM'. The spur wheel L is keyed to the shaft A, and the wheel L' and 
the shaft 0. When the shaft A is slowly rotated in the direction 

2 z 2 
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of the arrow tho hammers are drawn over the work, simply pressing with the force due to their 
weight, controlled however by the stop-pins H ; but as soon as the pro^r speed is attained, this 
dragging pressure is oonvertea into a smart blow, the recoil from whicn will carry the hammer clear 
of the work. As the stops H revolve with the hammers, they limit the movement of the latter out- 
wards, or away from the axis of rotation during their entire revolution ; the blow is delivered while 
the hammer is at its outermost limit a against the stop. This hammer may be constructed with 
a greater number of striking ff^s but in this case the hammers G are carried by two circular 
flanged plates N, Fig. 1434, and in place of the stops H, a series of radial slots h are provided 
equal to tho number of the hammers, and in these slots slide the stop-pins i, the ends of the slots 
A being packed with some elastic substance in order to reduce shock. The hammers G are con- 
nected to tlie discs N by means of stud pins which pass through socket holes in them. The 


1434. 


1435. 




stems of tho hammers G are forked to allow tho head of the adjacent hammer to pass through, ns 
in Fig. 143.5, and for t!ie same purpose the sides of the hammer heads ore rocessed in order to allow 
of the free play of tho hammers each within anti independent of the other. Insteatl of employing 
tho method of mounting and gening. Fig. 1431, the haiumiT may be supported in bearings in 
the hanging brackets D, and driven direct from the belt by means of fast and loose pulleys on tl»o 
sliaft A ; but in this case the anvil 1 must ho capable of Ix^ing raised and lowered to suit the dif- 
ferent thicknesses of the work operated upon, and also for the purpose of regulating tho force of the 
blow. 
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The principal theoretical considerations in the modem science of Thermodynamics have 
a direct bearing on many points iu the construction of steam engines, in connection with the 
phenomena wliich periodically tike place in an engine moving uniformly, regarded solely from a 
theoretical point of view, witliout any regard to mechanical details of construction. As an example, 
take the case of an expansive, high-pressure, condensing engine ; it will be seen tliat the tlieruial 
phenomtina naturally divide tlieraselvcs into two classes. 

A definite mass of water at a certain temperature, t, is delivered from the condenser into the 
lx)iler, and there converted into saturated vapour at a tera|)erature, T. This change involves a 
calculable depression of the temperature of the products of combustion of tlio funiuco. 

The saturated vapour passes into tho cylinder, impels the pision, and expands, after which it 
escapes to tho condenser, where it is cajoled down to the initial temperature, ty maintained constant 
by any suitable means. Also a certain quantity of beat is lost, being given up to raise or maintain 
constant tho temperature of various surrounding bodies. 

At the end of a double stroke tho entire system is thus brought to identically tlie state iu which 


it was at first, with, however, this important diflerence, that a certain amount of heat has been 
transferred from more to less highly heated boilies, and this will be tho one essential condition 


required in order that anv machine may be made capable of acting as a source of power. 

As early os 1738 tho neat generated in the boring of a cannon led Itumford to undertake a sories 
of experiments with a view to ascertain the value of the mechanical etiuivaleut of heat, that is, tho 
amount of mechanical work, expressed in foot-pounds or any convenient measure, which will 
generate sufficient heat to raise the temperature of a certain quantity of water by a definite amount. 
Davy also made experiments on the same subject, but the first accurate results wore those of Joule 
in 1843-49, whose experimental determinations confirmed those previously obtained by Mayer in 
Germany, mainly from theoretical considerations, and to these discoveries wo owe a very large 
portion of our knowledge on this and other kindred subjects. 

In Great Britain the mechanical equivalent is generally defined in terms of the foot, the pound, 
and Fahrenheit’s scale of temperature, the unit of mechanical work being 1 lb. raised thremgh a 
space of 1 foot. The heat-equivalent may therefore be defined to be tiiat amount of work which, if 
exerted on 1 lb. of water at the ordinary temperature, would raise it one degree, on Fahrenheit’s 
scale ; it has lately been found to be 772 foot-pounds. This is known as the First Law of Thermo- 
dynamics. 

On the French or metrical system the metre, kilogramme, and centigrade scale are employed. 

It will bo sc^n that results expressed on the former system can be nearly converted to tho latter 
by multiplying by the fraction 0*5486, and metric results can be expressed in English measure by 
multiplying by 1*8228. The form of the definition shows that me work done in raising any 
quantity of water, through a vertical height of 772 feet, would sufllce to raise its temperature 
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For a detailed account of the methods which have been employed to determine the mechanical 
equivalent, the reader must be referred to the various treatises on heat, but Table 1. shows the 
principal methods which have been employed and the results obtained. 

Table I. Biog. 


Nature of the Phenomenon by means of which the 
Mechanical lOquivalent was determined. 


General properties of air assumed to be a 
perfect gas 

Friction 

Action of the steam engine 

Heat generated by induced currents 
Heat generated by an electro-magnetic 
machine in acticjn and at rest 
Total hf^at gemorated in the circuit of a 

Danioirs battery 

Heat generated in a metallic wire when 
tnivers(‘d by a current 


Authority by whom 
the Method 
was first suggested. 

Name of Observer. 

KesuU 
in English 
Measure. 

Mayer 

Clausius . . 

Joule 1 

Clausius . . 

Joulo 

V. Begnault .. .. 1 

Moll and Van Beck / 

Joulo 

Favre 

Him 

Joulo 

768*6 

772*69 

753 

752*8 

823*6 

Favre 

Favre 

807 

Bosscha . . . . 1 

W. Weber . . . . 1 

Joule / 

766 

Clausius . . 

Quintus-Icilius 

729 


The differences ohservcjd in the above results must be regarded as errors of experiment, for a 
certain amount of heat must of necessity have only one definite mechanical equivahint. This 
number is, as mentioned above, 772 foot-pounds in English measure, equivalent to 424 *G kilogram- 
mc'tres on the French scale. As specially interesting in connection with applied meclianics, 
it may bo well briefly to reiuipitiilate the method adopted by Him in his experiments to determine 
the mechanical equivalent by the use of the steam engine itself. 

Two sets of determinations were required, the thermal and the mechanical, and these may be 
considered separately. 

With the engine moving at a uniform rate, the quantity of vapour consumed in a definite 
number of strokes was asccjrtained, as well as its temperature and pressure, care being taken to avoid 
both superheating and the nresenee of suspended drops of moisture ; the total heat of vaporization 
at any given teinpcjratnre uoing known, tfnjse data suffice for ascertaining the number of units of 
heat withdrawn from the furnace for tlio production of this quantity of vapour. To determine the 
heat given up to tlic coiuh'nser during the stime i»eriod, it was only necessary to measure the quantity 
of cold water, at a known temperature, required to maintain n constant temi>erature in spite of the 
arrival of vapour in the condenser. The amount of hetit lost by radiation and conduction was noted 
aiiil deducted. To determine the mechanical effect, that is, the pressure at eacli instant in the 
cylinder. Him had recourse to Watt’s indicator. The results obtained were very variable on account 
of the great number of sources of error, but the best is probably that given in Table I. 

As bearing on these experiments, wo may note a method designed by B. W. Furey, which consists 
essentially of a chest, into which the condenser water is conducted, providoii with a float and a 
mercurial thermometer. A beam of light, after traversing a break in the mercurial column and a 
small hole in a piece of brass attached to the float, is projected on to a slowly rotating drum carrying 
sensitive paper, and linos are thus traced which indicate the amount and temperature of the water ; 
from these data tlie quantity of heat can, of course, be at once calculated. 

It is well known that the volume of a given mass of a substance varies with the pressure to 
which it is subjected, but to comffietely define the physical state in which it exists, the temperature 
must also be 8i)ecified ; for at higher temperatures greater pressures will be required to maintain a 
given volume. Hence, if the relation between volume and pressure be represented by points as in 
the indicator diagram, and all the points corrosj>onding to a given temperature be joined to form a 
curve, this curve, calloii an isothermal line or line of equal temperature, will show the whole 
behaviour of the substance under the given conditions. 

The simplest form of isothermal is that coiresponding to a j^rfect gas, and although it is certain 
that nothing accurately obeys the laws of a perfect gas, yet it will be necessary first to consider 
such a one ; and air, oxygen, nitrogen, or any of the ^ses which have not been liquefied by cold 
and pressure, may be taken to bo iMjrfect within the limits of experiment. 

TJ )0 laws which such a gas is found to obey are ; — Boyle’s or Mariotte’s Law. — The volume of a 
given weight of a perfect gas varies inversely with the pressure, the temperature remaining constant. 
Gharles’ or Gay-Lussac’s Law. — The volume of a perfect gas under constant pressure increases for 
each degree rise of temperature by the same fraction of itself, whatever bo the nature of that gas. 
This fraction is found by experiment to be 0*003665, or for each degree Centigrade, and 
0*002036, or for each degree Fahrenheit. 

If rectangular axes O V, O P, Fig. 1436, be taken representing pressures and volumes on any 
arbitrary scales, the first of these laws supplies all the data requisite for drawing any given 
isothermal. For if V and P reprosont volume and pressure, Boyle’s law asserts that 

P X V = a constant. * ■ 

Now, it is shown in conic sections, that a rectangular hyperbola is the curve which satisfies the 
above ooudition, the axes being the asymptotes, or lines to which the curve is continually approaching, 
but never actually reaches. , . , , . 

From the second law above, it will be evident that when the isothermal oorrespondiug to any 
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^ven temperature is known, those for all other temperatures can be at once calculated. For, if Vq, 
Y, and Yi are the volumes at the temperatures O, T, and T, degrees on Fahrenheit’s scale, the 
pressure P remaining constant ; we have by 'Charles* law 

V = Vo (1 + 0-002036 T), and V, := Vo (1 + 0 -002036 T,). 

Therefore the curves corresponding to the temperatures O, T, and T, will be defined by the 
expressions 

P Vo = a constant. 

P Vo (1 4- 0-002036 T) = a constant. 

I* Vo (1 4 - 0 - 002036 T,) = a constant. 

The same axes being employed. The constant, of course, differs in each case, and is determined as 
soon as P and Vo at any given point are ascertained. 


1436. 




4 






Geometrically interpreted, these expressions show that the curves consist of a series of hyperbolie 
parallel to each other, and having the same asymptotes ; and further, if, while the pressure remains 
constant, the portions lu-,, Tj, t?,, bo marked off*, representing the increase of volume of the gas 
corresponding to 1® F. rise of temperature, at the constant pressure and the parallelograms, 
p O V M, p O Vj N, /) O Q, &c., be completed, the points M, N, Q, will be on isothermals cor- 
responding to te mperatures which differ by 1° F. from each other. 

If two points M and R on any isothermal bo considered, it will be seen that, by the condition 
referred to above as being involved in Boyle’s law, the areas /> M r O and p, R r^ O are equal ; 
now these are proportional to the intrinsic energy of the substance, and it is therefore clear that no 
work can be obtained from a perfect gas by simply changing its volume and pressure, the tem{)era- 
ture being maintained conshmt, except by the application of a corresponding amount of heat. 

Let us now turn to the case of those substances which do not fulfil tlie conditions of a iKJrfect 
gas, such as carbonic acid gas, or, in a still less degree, steam. In such a gas, the volume dei^rcases 
more rapidly than the pressiue increases. Hence the expression P x V, decreases os we increase 
the pressure, and if at A, Fig. 1437, the isothermals of a jXTfect and imjierfect gas coincide within 
the limits of observation, a second point B, corresponding to p,, for the perfect gas will l>e obtain^ 
in the manner already explained; and C for the imperfect gas is given by constructing the rectangle 
p, O Q C equal to P x V, and as this expression decreases with an increase of pressure, the curve 
will be in all cases 1k4ow that for a perfect gas at the same temjK-rature. Of (course sU am in a very 
rarefied state ai)proximate8 to a perfect gas, and tiie curves become practically identical, but on 
decreasing the volume they tend to diverge. 

Let the case be taken of steam Veiling at the atmospheric pressure, and let O p, represent that 
pressure; we shall thus obtain the isothermal corrcsjxmding to 212° F. Reduce the pressure so 
that the whole of the heated water may exist as steam, and then by means of a piston reduce the 
volume, maintaining the temperature constant. 

At pressures well below one atmosphere, such as O p, the curve will be approximately a rectan- 
gular hyperbola, but at the atmosphenc pressure its fonn will suddenly and entirely alter, becoming 
straight and panillel to the line of volumes, as represented by the line C p,. It will bo found 
impossible, retaining the temperature constant, to permanently raise the pressure until all the steam 
lias been brought to a state of water, for any sudden increase of pressure will Ijo at once neutralized 
by a reduction of steam to the liquid state, and the converse will be true in the case of a decrease of 
pressure ; thus the isothermal will remain horizontal while the volume is decreased in the ratio of 
165 to 1, when the condition will be representefl by a point t(x» near top, to be distinguished on the 
scale of the figure. A great increase of pressure, as is wcdl known, is require d to appreciably alter 
the volume of water ; hence when all the steam has been condensetd, the isothermal becomes approxi- 
mately vertical and rises from p, towards P. For higher temp<!rutures than 212° F., the isothermAls 
have a similar form, but as a greater pressure is required to produce condensation, the horizontal 
portion is proportionately shorter. 

If the points, similar to C, at which condensation commences at the various temperatures, bo 
joined, a steam line is obtained, such that all points outside it indicate a substance entirely 
gaseous. From what has iust been said, this line must slope towards the vertical line of pressures 
but a similar line, called the water line, passing through the points at which tho horizontal 
portions of the isothermals become approximately vertical, that is, the points at which all the vapour 
18 condensed, will slope from the vertical axis, but very slightly, since the volume of a driven 
of water mcreases wiui a rise of temperature. ^ 



HEAT. 


711 


Dr. Andrews has made some very remarkable experiments on carbonic acid gas to ascertain 
whetlier the gas and liquid lines, oorresj^nding to the steam and water lines in the case before us, 
ever meet, and he has proved that such is the case, lie finds that if this gas be subjected, at a 
temjK*rature of 88° F., to a pressure of 74 atmospheres, it is in a critical condition, and any slight 
change of pressure causes it to take entirely tho li(|uid or the gaseous state. Tliis is also the case 
at any higher temperature, with a corresponding increase of pressure; and as tlie temperature is 
still furtlKir increased, the form of the isothermal approximates to that for a perfect gas. 

We have hitherto considered only the casci of a fluhl maintained at a constant temperature, but 
if it be BO arranged tliat no heat cither enters or leaves it, the nature of the curve is entirely altcTcd. 
An experiment fulfilling such a condition is, of courle, ideal, as no substance is impermeable to heat, 
but it is nevertheless possible, by the aid of complicated apparatus, to ascertain tho form whieh tho 
curve would take, and sucli curves, called Adiabatics. from iwo Greek words signifying “ not pass- 
ing through,” are of very great im|X)rtaucc in cousidcring the ])ro£)crties of a substance in its relation 
to lieat. 

These explanations enable us to consider the remarkable work of Carnot, 1821. The great 
advances made in the science of thermodynamics since his time are due in great part to the intro- 
duction by him of the ideas of a cycle of oi>erati(>Tis and a reversible eyrie. TJie iiist of these implies 
tliat in considering the working of a heat-engine, no assertion can be made with regard to thcj 
heat absorbed, unless the series of operations to which it is siibjectetl bo such that the sttiam and 
water are in precisely the same condition, as regards pressure, volume, and tenq»crature, at the 
conclusitm as they were at the comuienc(‘ment f)f tlic series. 

In Fig. l-illS let A represent the condition, as rcgjfrds pressure and voliuue, of a certain weight 
of any working substance, at the low ttinnxmvtiire ermtained in a cylinder of some non-con- 
ducting substance which is closed by a piston without weight, and let us consider tJie cycle of 
ofxrations represented by A 11 O D, in wbicli A It, O 1) are 
adiabatics, and II C, A 11 are isothermals corresjionding to 
th(3 temperaturt's T and t respectively, of which T is the n 

higher temperature. 

In order to effd^ct the operation represented by A B, the \ 

pressure must be increased from O 1 to (1 2, by d< pressing \ c 

the piston, no heat being allowed to escape, and tins pro- \ \ 

cess txnng continued until tho temperature is raised to T. \ j \ 

Now it is shown in works on elementary nieclianics, that .. . ' \ 

the work done during the comi)reB8ion of a tlnid is equal to ! \ /.r 

the diminution of the volume of the liuid multiplied hy the | i I 

mean value of the pressure to wliieh it is subjiH’ted. In ! ! 

1h<^ present cas<‘, the diminution of volume is repn-sentod hy '' ‘ 

a\ and the mean pressure is the mean ordinate between li/> 

and A u, and their product is evidently tim arta B/^iA. ilenco the woik on the substanoi' is 
measured by the area 11 6 <t A. and, with reference to the work obtainable from such an ideal engine, 
this is negative. 

Now, allow the volume to incr<*ftse gradually, at tlie same time Cd>mmuuicating sufficient heat to 
maintain the tonijteraturo c^mstant. Tlie process will be rejircseiited by tlie isothermal 11 C, ami tho 
volume will ii)rrea.so from that repre 80 utt‘d by b to that represonteil by o. As, liowevor, tlie volume 
is increasing, the working substance is doing work on external bd>dies. and this, rcpi’esented by 
B c C, is tijerofore positive. This, it must bo noted, is the only operation during wliieh heat is 
absorbed by the substance, 

111 the third operation, allow the body to expand without losing In at, and thus to traverse the 
adiabatic C D, and let this expansion continue until it lias fxcasifuied a fall in the temperature of 
tho Working substance from T to t. Positive work represented by C o d D is thus obhiiiied. 

In tho fourth, and final operation, the piston is depressed, the temjieratare being maintained con- 
stant by withdrawing heat, until tho initial volume is attained. Tlie work during this process is 
negative, and is measured by the area I)da A. 

The cych? is now complete, and, since the substance has been brought to its exact initial condi- 
tion, we are at liberty to reason ujion the relation between the wrork acquired and the* heat spent in 
acquiring it. Tho figure shows at once that tho positive work exceeds the negative, by an amount 
rcjiresenteil by the figure ABO D, traced out during the cycle. Tho second is tho only operation 
during which heat is conun uni o.ited to the body, and during the fourth alone is heat witlidrawri from 
it. lienee the work rci>r<^sented hy ABO l> is obtained by tho putting out of existence of an 
amount of heat 11 — /<, supimsing H and h to be the first ami second of these quantities. 

It will l>e at once seen that the aliovo cycle of operations is reversible, that is, we may, com- 
jiicneing at tho same eoudition of temperature, volume, and pressure, as represented by the point A, 
cause tho working substance to assume the conditions DOB A in succession, by (1) exi>anding at 
tho low’er temperature ^ during wliich it will absorb an amount of heat h ; (2) compressing without 
losing heat to 0, when it will have the temperature T ; then (fi) eomprossiiig at this tempi raturo to 
tlie volume O />, during which (jperatiou an amount of heat 11 wdll be. given out; and finally (4) 
allowing it to expand without receiving heat to the volume Oa. This revi rso action shows that 
it is |K)ssible to transfer heat from a cold body a hot body, but an examination of the figure makes 
evident the fact tliat this transference ixiquires the expenditure of a quantity of work measured by 
the area A B 0 D. 

It is important to bear in mind that each of tho aliove reversals is a h'gitimate one. Thus, it is 
just as easy, pliysically, to cau>o the condition of a body to pass from O to B along the line B C, as 
from B to C), but if, instead of compression and expansion, conduction hiul b(‘en resorted to in order 
to transfer heat from the hot l>ody to the colder body, no legitimate reversal of this could be effecteil, 
for heat will not pijps from a cold to a hot body by conduction. 
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Carnot laid down the principle with regard to the purely theoretical consideration of a reversible 
engine, that is, reversible in the thermodynamic sense, and not in the sense ordinarily employed by 
engineers. If a reversible engine working between the temperatures T and t, and receiving an 
amount H of heat at tiie higher temperature, produces a quantity of mechanical work W, then no 
other engine of any construction can produce a greater quantity of work under similar conditions. 
W 

The fraction ~ is called the efficiency of an engine, both W and H being measured in foot-pounds ; 


a reversible engine, therefore, has a maximum efficiency, and this fact is capable of very simple 
proof. For if an engine M bo assumed to exist with a greater officienoy and set to work tlie 
reversible engine N in the reverse way, it will, through its greater efficiency, be able to raise by the 
engine N a quantity of heat from the cold to the hot body in excess of that required to work it ; 
energy will tiius be stored up by the combined engines and perpetual motion become possible, the 
absurdity of which may be taken to be axiomatic. 

The results arrived at by following Carnot’s system of reasoning lead to the second law of thermo- 
dynamics, which is thus stated by Thomson ; — “ It is impossiblo, by means of inanimate material 
agency, to derive mechanical effect from any portion of matter by cooling it below the temperaturo 
of the coldest of the surrounding objects.” Thomson was led by it to the discovery that the absolute 
zero of temperature, or the point at which no heat whatever resides in a substance, is at — 461^^ F., 
and this fact gives an easy menus of defining the efflcieucy of a perfect engine. This efficiency may 

be shown to bo equal to — , where S and T are the absolute temperatures of the source of 


heat and condenser respectively, obtained by adding the alwve number to the temperaturo expresseil 
on the Fahrenheit scale. Thus, supjiose an ordinary high-pressnro engine to las working at a 
pressure of 53 lb., the temj>eruture of the boiler will Ix) about .300^ F., and the condenser will 
probably have a temperature of about 100° F. Kow, suppose this engiuo to be perfect, its efficiency 
Will be given by the fraction 


(300 + 401) - (100 +J61) ^.2q2 

300 + 4G1 ' 


That is, nearly three-fourths of the heat supplied to an engine working under the ordinary condi- 
tions, but supposed to be pe rfect, and therefore reversible, would hv unavailable for conversion into 
work. 

It will thus b<‘ seen that the efficiency of an engine depends solely on the range of temperature 
within which it works, and the determining of this is of great importance in the euustruction and 
management of steam engines ; for its extension in one direction involves additional strength of 
boiler ; and in the other, greater condensing power. 

The amount of expansion that can be made practic-illy useful has Ix^en a fruitful subject of dis- 
cussion and controversy, and it has been shown by practical cx}Kirience, rather than by theoretical 
deduction, that it is not advantageous to carry the rate «>f expansion beyond limits which theinHelves 
have not up to the present time been clearly define<l. But apart from tlie thcx^rctical HH{ie<*t of this 
question, which is often obscuntd by uuccfrtainties connected with the action of heat, there is a very 
practical aspect from which the subject may be approached ; and it will htt tlie object of the suecec^d- 
Ing remarks to make this aspect clear. 

Tlie indicator diagram, Fig. 1433, shows the advantages gaineti by doubling the pressure, or by 
doubling the amount of expansion in a particular case ; the cost of such a change can also be consi- 
dered, and thus the points defined 
beyond which expansion would not be 
worth having, in consequence of the 
cost incurred in obtaining it. 

Let AB represent the stroke of a 
piston, say 30 in., to a scale of 1 in. to 
1 ft., and AD a pressure of 77 lb. a 
square inch, there being 3 lb. lost from 
the original 80 lb. in overcoming back 
pressure A a in the condenser, and 
steam is cut off at E, or one-fifth of 
the stroke. Under these circum- 
stances, a measurement in the ordinary 
manner will indicate an average pre.s- 
sure of 38*7 lb. a square iuch to impel 
the piston. 

Let the steam pressure be now 
raised to 160 Ib. a square inch, and the diagram will assume the form A B II G F, the area 
being increa8e<l bv D KF G, which represents the amount gained by the arid Itional pressure, cut off 
Ixjing at one-tenth of the stroke. This a<ldittoniil area gives 55 lb. pressure through one-fifth of 
the stroke, or 11 lb. if distributee! throughout the entire stroke. 

Thus, to gain 11 lb. above 38*7, or 28 per cent., it has berm netjcssary to double the steam 
] ressrire, and add very considerably to the strength of all parts composing the engine. 

Now, suppose the pressure to be 77 lb. a H<^uure inch, and iustead of expanding this steam 
five times it is expanded ten times, w*hich is equivalent to doubling tlie stroke from 30 in. to 5 ft., 
as represented by the line AO. In tliis case the pressure gaincxl amounts to 8*6 lb., measured by 
the space B 0 K H, for the latter half of the stroke, or 4*3 lb. average increase throughout. 

By such a change we double the length of the stroke for the purpose of gaining 4*3 iB.l namely, 
a gain of 11 per cent, beyond the origin^ total of 38*7, when steam of 80 lb. a square inch is cut 
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off at one-flfth of the stroke, but when steam of 160 lb. is employed and out off at one-twentieth of 
the stroke, the gain is only 8*7 per cent. 

With higher pressures or rates of expansion tlm differences become greater, until a time is mani- 
festly readied when the increase of strength or size of the engine becomes so great as to put a stop 
to all further adventure, and we arrive at the conclusion that it is not worth while to expand beyond 
certain limits ; only from a constructor’s point of view ; and therefore many engineers prefer to 
employ comparatively low rates of expansion and even wire-drawing the steam, rather than risk 
the danger of exceedingly high rates with its comparatively small advantage. 

The compound system of constructing engines is found extremely useful whore a high rate of 
expansion accompanies a low speed of rotation ; but there does not appear to be any reason dedu- 
cible from theory or from practice, by which it can be proved that low speed is essential. 

Laws which relate to the development of heat, and their effects upon various bodies under its 
many influences, affc^ct greatly the operations of the engineer; they have been discovered mainly by 
experiment. Mathematical expressions are employed to indicate the results arrived at by tlieso 
experiments ; and as solutions of the main problems connected with the expansion of gases and 
those connected with mechanics have been derived from accurate theoretical and mathematical 
investigations, they may bo relied on to exhibit results with great accuracy. The principal agent 
in which heat is employed by engineers is the steam engine, and it is therefore important to study 
the action of heat on the boiler, inasmuch as through it all the processes preliminary to the actual 
use of steam are effected, and a sound knowledge of the pr«)per forms of construction and principles 
of management of this apparatus is, therefore, of as much importance as a knowledge of the laws 
of expansion, and of the mechanical motion by which th<3 heat of steam is utilized. Apart from this, 
nhenomeria connected with heat are so common and universal, so intimately related to the various 
branches of technology, that it is of all the physical agents one of the most important and varied in 
its influence. 

Htiat has been defined as being a mode of motion, a definition which suggests the idea that it is 
derived from molecular niovemonts of the atoms of substances. But such a definition, although valu- 
able, requires qualification, since motion in the abstract does not take into account forc^ or energy. 
The existence of power is, however, not difficult to conceive in connection with motion, if this he that 
of a mass or ponderable body. This vis viva^ or living force, is an expression emph)yed to designate 
the capacity for performing woik which results from the motion of bodies, and is the effect of the 
velocity and mass combined, the measure of this capacity being the mass multiplied by lialf the 
square of the vehxnty. This is one of the most universally accepted principles of mechanics, and 
also one of the most commonly used, since it performs a principal part in nearly all the devices for 
the utiliziition of the various natural forces. Tl«e condition of the body, the particles of which are 
agitated by this peculiar heat-motion, is thus a exmdition of energy. It is a certain amount of actual 
energy due to its mass and tlio resultant motion of its molecules. This may be expended just as the 
energy of the flywheel is exi)cndcd in overcoming resistance and performing work, or it may be in- 
creased by having its velocity of heat-motion increased, just as the energy of the flywheel is increased 
by energy storcxl up by increased velocity. In the first case, the work of this force is converted into 
the energy of the flywheel; in the second, the vis viva disappears as the motion is diminished, and 
is trausforinod into external work. The living force which constitutes the energy or power of heat, 
althougli not accompanied by a visible defined motion of the whole mass of a body in one direction, 
is nevertheless precisely similar, and acts accoriling to the stiine law. The precise condition of 
the heat-rnoiion of the molecules of substauces has not been determined, and the ultimate arran>;e- 
ment of the molecules, in the formation of botlies. is still a subject of conjecture ; still, however, it is a 
generally accepted theory, that the molecules of substances liave a vibratory or osoillating motion of 
a peculiar character, wliich we can cull htuit-motion. 

The space traversed by the atoms at every vibmtion is so minute as to be imperceptible, but it 
must not bo forgotten that the vibrations in an ordinary unit of time arc very great. Heat-motion 
is a property of every substance which exists, and without it in nature animal life would cease to be, 
while the elements would exhibit an entire change. Thus heat may be regarded as a property of 
nilitter, since all things, whether solid, liquid, or gaseous, are, so far as we know, animated by this 
peculiar motion. Variation in heat of a bxiy, according to the dynamic theory, merely indicates a 
change in the velocity at which tlio molecules vibrate; and, as they have weight or mass, a change 
of heat involves the development or decrease of the living force. 

It is convenient to consider the miinifestatiohs of lieut in throe ways ; by treating of this action 
in a body ns a source of power in doing work apart from the body in which it exists, and in altering 
the relations of the molecules and producing variations of volume in the body itself ; and, from 
the opposite ]X)int of view, the producing of heat, with attendant variations in tiensity and volume, 
by the application of work on the outside. Wo may also Consider the variations of form and 
other properties to which bodies are subject when submitted to variations of heat, and again, the 
conveyance of heat from one body to another, this latter phenomenon involving the introduction 
of an element in the uiatt^rial world, the existence of which can only be proved by scientific 
reasoning and analogy. While the molecules of substances are aggregated closely end have 
constant motion, there is presumed to be a gaseous or ethereal substance i^ervading space, the 
particles of which are so small, as compared with ordinary material atoms, that this ether per- 
meates the spaces between the atoms of substances, and is capable of being set in motion by 
their action, whilst conversely, motion, communicated to the ethereal medium at a point external 
to a body, and transmitted as waves, may, through the action of these waves with the moleoules 
of a body, impart motion to them ; radhition of heat is tlien but a wave-motion communicated ^ to 
the ethereal medium by the action of the molecules of bodies. Heated bodies lose heat-motion 
and living force in sending off waves in this medium, and other bodies in the path of these waves 
will have tlio motion of thoir molecules increased in velocity and will become heated, the particles of 
the medium haviog weight or mass possess energy when in motion, and impart this energy to the mate- 
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rial atoms. Thus arise the phenomena of radiant heat and light, which, when observed in reference to 
the wave-motion alone, present those iutorosting effects which rise from different lengths and velo- 
cities of the waves, interference, pulverization, refraction, and reflection, giving rise to different 
colours, as well as heating effects from the some motive source. 

Every body, by which is to bo understood a definite quantity by weight or volume of a given sub- 
stance, is supposed to be composed of heavy atoms, each of which is in constant motion, though the 
velocity of oscillation of all the molecules may not be identical. An average velocity is, however, 
the result, and the living force of the wh<il6 body, due to the heat-motion of all the molecules, may 

MV* 

be expressed by the well-known law — — , and if Vj represent any other velocity tlie actual energy 

MV* /V* — V *\ 

corresponding to this velocity will be — , and the difference M f — - ) will represent the 


expenditure of energy or the work of inertia due to the change. If there is a loss of heat for a loss 
of velocity, energy will be ex|>ended, and if the reverse it will be stored. 

As a flywheel possesses power, derived from its mass and rapid motion, to drive macdiiiiery, 
BO all substances possess energy, derived from the riipid oscillation of the individual molecuh^s, 
to perform work when these oscillations are diminished ; the rapid oscillations of the molocmles 
of steam or gas constitute the source of power in heat-engines ; these particles, enclosed by a 
cylinder, strike the piston and give it motion; the effect on the heat-motion of the molecules 
being to diminish the living force of the whole mass of steam enclosed, by a quantity which is < qual 
to the work performed by the piston. This force of inertia it is wdiicli we utilize iinthT the name 
of heat, and which has become a universal aid. By utilizing the process of combustion in a stc^um 
boiler, heat-motion is rapidly developed in the fuel and gaseous products of combuhtion, and trans- 
ferred to the particles of water, from which it is transfc!rrc<l to the stc^am engine where the heat- 
motion is again distributed ; the inertia developed by this change being the forci* which performs 
the work of the machine. When work is thus effected there is an f xact balance betw’een the cause 


and effect. 


It is well known in mechanics that the expression M 



P X that is, the 


work executed by the inertia of the mriss M, when its velocity is changed from V to Vj, is csiuul to 
the work estimated by multiplying a force P by a distance A. To find the value of 1* X A, it is only 

W 

necessary to give numerical values to M, V, and Vj. M is equal to - , that is the wciglit dividc-d 

by the exprcs.sion for the force of gravity ; V and Vj are usually determined by c x|x»rimeiit, 
and are expressed in feet a smmd. When this expres>ion represents tl»o wf)rk j)4 rforine<i by 
the inertia for a given change of heat-motion, it Ijecoiiies difi^cult to give numerical values to the 
quantities. The mass may be found as before, being the weight of the body divided by tlie force of 
gravity, but tlie velocities V and Vj belong to motions which wo cannot jm TC(* ive. P X A may, 
however, be expressed in the Siinie numericjil terms as betbre, a pressure or weiirht multiplied by 
the distance through which it acts ; it is evident that whore the w hole efi'e^t of a change of heat is 
the performance of a certain work P x A, if the external work can be measured, the numerical 
value of the first member may be determined. 

Joule's exjicriments were made with this object. lie bad an apparatus consisting of a small 
cylindrical vessel filled with water, in which were blades made to revolve by the application of 
power, furnished by a weight to a cord passed over a fixed pulley. Tlu; water in the veasel was pre- 
vented from rotating in a vortex with the blades, so that the only effect of the motion of the bla<tes 
was to produce friction among the molecules of water; and the vork exerbd t<» drive the blades, 
namely, a weight falling through a height, w as raeasurotl. The question then to be settled is liow to 
estimate the change of heat which a given amount of work produces; there must necessarily be soiuo 
unit for such a measurement, and since the velocity of the molecules cannot hv olw^rved rec'ourse is bad 
to an arbitrary unit of heat. If wre were to represent the quantity of heat lost or gaincil in one unit 
of time by one, we could also show any other quantity of heat, if we multiply this by u number i>f 

^ \ 

— 2 — ~ j would be represented in terms of this unit, and it would 


only remain to determine by cxpcTiraent, how many units of work onrrcsjiond b) one unit of heat, or 
the value of P x A for one unit of heat. We have not, however, always the satue source of heating 
or cording, for heat-motion is developed or destroyed by a variety of physi al agencies, such us 
chemical composition, dt«omi)osition, electricity, mdiation, and conduction. Home oth<‘r arbitrary 
unit must therefore bo found, and advantage taken of the pro|)erty W'hich all substances tKisscHs of 
changing form when heated or coolod, independently of the soiireo of such action. We know from 
observation and experience that upon heating, most substanesr^s expand in volume, and contract in 
cooling; and we also know that these changes are indejiendent of the sourer; by which thcjy are 
caused. This law is so invariable that the amount of exiiaiision of a body may be taken to indicrfito 

changes of heat. ‘ ^ ^ 

to a Uxly it ]' 
ing to th<j ex 

are known 08 donees of heat and degrees of tero]>eruture, this latter imlicating a condition of the 
^dy merely, and changing in a manner projxjrtionate to the change of iieat, and because the 
thermometer is brought into a condition of heat, in equilibrium to that of the body to which it is 




measurable quantity ; the relume of mercury, or othe^ U tU^ 

changes with the changes ofbeat, and ns ^^’ohungea Wo can then atsnme ^ obonge <rf heut 
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oorresponding to 1 lb. of water raised in temperature one degree to be one unit of heat. It was found by ^ 
Joule that one unit of heat is equivalent to 772 foot-pounds of work, water being taken at a tempe- 
rature of 39^*1 F. when it is of maximum density, and this has been frequently corroborated, so that 
772 foot-pounds is now known as the dynamic equivalent of a unit of heat in English measures. In 
French measures the unit of heat is called a calorie, and is the quantity of heat which corresponds to 
a change of heat indicated by one degree of the Centigrade thermometer in one kilogramme of water, 
equivalent to 423*55 kilogrammetres raised one metre. In applying mathematical investigations 
to the subject of heat, 772 foot-pounds is called the quantity of heat represented by unity. If W 

W 

represents any quantity of work in foot-pounds, -=5 will represent the equivalent quantity of heat 

represented in heat units, or q expressed in heat units multiplied by 772 will give the number of 
foot-pounds equal to a given quantity of heat; the beat units or specific heats of bodies vary, and, 
as it is convenient to have a standard unit of heat, that of water is taken, and the specific heats of 
other substances are expressed relatively to it. It will be understood in regard to specific heat that 
all known substances, except hydrogen, require less heat for a change of temj)erature of one pound 
of the substance one degree, than that which is required for water ; this is an accidental property, 
but the result is that in a table of specific heats tlie numljers which represent them are, with the 
exception of that for hydrogen, less than unity. A quantity of heat represented by that is a 
change of heat equivalent to q expressed in heat units, may be represented by7 = W xcxF, W 
being the weight of the body, c the specific heat, and F the number of degrees of the change of 
temperature. 

Table II, — Specific Heats. 


Copper 

0*0951 

; Alumina 

. • • • • • 

0*1970 

Gold 

0 -0:m 

Stones, bricks, about 

0*2200 

Iron 

0*1138 

Wat€*T .. 


1*0000 

Lead 

0*0314 

Lead, melted 


0*0402 

Platinum 

0*0324 

Sulphur „ 


0-2340 

Silver 

0*0570 

i Bismuth 


0*0363 

Till 

0*0.502 

! Tin „ 


0*00.37 

Zinc 

0*0955 

; Mercury 


0*0332 

Brass 

0*0939 

Alcoliol 


0*0150 

Glass 

0*1977 

: Fusel oil 


0-5040 

Ice 

0*5040 

j Benzine 


0*4.500 

Sulphur 

0*2020 

1 Ether .. 


0*5034 

Charcoal 

0*2410 

j 





At Constant Pressure. 

At Constant Volume. 

Air 


. .. 0*238 

0*109 


Oxygfjn 


. .. 0*218 

()-156 


Hydrogen 


. .. 3*405 

2*410 


Steam gas 


. .. 0*480 

0*340 


Carbonic acid .. 


. 0*217 

.. 


Nitrogi-n .. 


. .. 0*244 

.. 


( llefiant gas 


.. 0*404 

0*173 


Carlxinic oxide 


, .. 0*245 

0*237 


Ammonia .. 


. .. 0*508 

0*299 



Table II. indicates the mean specific heats of the various substances detailed ; they show 
average values taken at temperatures which are usually observed in technical application ; the actual 
specific heats of all substances increase slowly as the Ib^y expands, or as tho temperature rises, and 
when accurate results are necessary special tables may bo consulted, which give those quantities with 
greater precision at special temperatures. As an example of the use of these tables, we will 
suppose it is required to ascertain what rise of temperature will result from tlie transfer of 500 units 
of heat by any process whatever, such as radiation or friction, to 200 lb. of iron taken at any 
ordinary temperature ; here 

q oOO 


p = — i 


W X c ~ 22*76 


= 2P-97. 


The specific heats of gases are given for constant pressure and constant volume. It is well 
known that a gaseous substance, to be treated as a quantity or body having volume, must be 
confined by some envelope, or within an enclosure through the sides of winch the gas cannot 
escape. Such au enclosure may have an invariable volume, that is, its sides may not yield to any 
pressure from the interior, or it may have a variable volume, as when air is enclosed in an elastic 
enveloiie, or within a cylinder having one end movable. Tlie effect of transferring an additional 
quantity of heat to a given weight of gas is to cause it to expand in volume if tho envelope will 
^mit of expansion. 

If the envelope expands sufficiently to adjust the now volume to the external pressure, this 
external prt^ssure being constant, tho specific heats to be employed in determining quantities of heat 
are those given under the head constant pressure. 

If the volume remain invariable, tho specific heats to be used ore those under the head 
constant volume. 

A definite quantity of any given substance requires three conditions for its existence in a 
separate and distinct form ; tliey are volume, pressure, and temperature ; that is, the actual space 
occupied by the substance without regard to tho form of that space ; the resistance of tho external 
envelope of the body to its expansion ; and the condition of heat-motion of its molccolos. Heat 
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transferred to a solid not only oanses an increase of moleonlar vibration^ which is shown by an 
increase of temperature, but an expansion which consists in the separation of the partioTes nom 
each other, and its expansion involves the overcoming of the external pressure of the enveloping 
meddum, the same effects being exhibited in fluids by a transfer of heat. With perfect giises, how- 
ever, the molecules being already entirely separated, the effect of the transfer of heat is only to 
increase the vibration of the molecules, to increase the sensible heat, and to overcome the external 
pressure, as before stated ; the entire reverse is the case when heat is ab^racted. 

Let A represent the molecular movement, B the amount of expansion, and C the change of 
volume, we have for q Uie total effect of the heat transferred. 

A + B-f C 
^ 772 

In solids and liquids, the expansion being small in comparison with the original volume, O will 
be very small, and may ordinarily be left out of consideration ; in perfect gases, the forces of 

attraction of the molecules having been entirely overcome, B will disappear, q = ■■ • 

This is the most important expression of q^ because the employment of heat os a source of power 
is usually through the agency of gases, and the expression shows that the effect of a change of 
heat merely varies the molecular vibration of the gas, involving living force and the overcoming of 
external pressures ; this has been shown by Thomson in the case of bodies which are known, by 
observation, to contract when heated at certain temperatures, or to expand when cooled, as water 
and some alloys ; C will be reversed at these points, and the expression will furnish an explanation 
of the peculiar phenomenon, that under these circumstances the increase of external pressure will 
lower the temperature of fusion or congelation. These general laws are, however, subjected to a 
few remarkable exceptions ; the enunciation of the law that bodies, when heated and then cooled to 
the original temperature, regain their original volume, requires a further condition in the case of 
most solids, the cooling must take place slowly and gradually, otherwise the original volume may 
not be regained, and peculiar effects, such as brittleness and hardness, are often produced, which 
are difficult of explanation ; the process of annealing, or slow cooling, is thereJbre essential when 
certain conditions in these respects are desired. 

The rate of expansion of a body, is the increase of volume which takes place for equal increments 
of temperature, the volumes being referred, in each case, to the volume of the same l)ody at a 
standard temperature. When the body exists in the form of a rod or bar, the length of which is to- 
be determined under different degrees of heat, the increase of length is called the linear expansion. 
This is not a measure of the total increase of volume, but it is practically couvonieut to know the 
linear expansion as well as the cubical expansion. 

A table of linear expansion gives the numbers by which it is necessary to multiply the lengths 
of rods or bars at 3*2® F. in order to find the lengths of the same rods or bars at 212° F. That is, 
the number show the increase of length of rods of the same substance for 180° F. from 32° F. 
The proportional expansion for 1° F. may be found by dividing each number by 180. 

The cubical expansion, or coefficient of exjmn»ion of volume, for any substance may be obtained 
by multiplying the linear exprinsion by 3 as in Table VI. The coefficients of linear and cubical 
expansion thus found are average values for degrees of heat between 32° and 212°, hut tht;se 
coefficients become slightly greater at higher temperatures; the general rule being that the 
coefficient of expansion increases the more rapidly, as the temperature approaches that which 
corresponds to the melting or fusing point. 

The coutinuous transfer of heat to a solid, causing a continuous rise of temperature and 
expansion of volume, produces ultimaUly a change of aggregation or change of state to tlie liquid 
form, called the fusion, molting, or liquefaction of the substance. 

The law is general for substances which do not change their composition in changing their state. 
For substances which do not change tlieir composition, the following plienomena occur; each 
substance begins to melt at a certain temperature, which is constant for the same substance if the 
pressure be constant. The temperature of the solid remains at this consttint point from the time 
when fusion commences till it is complete. If a substance expands in congelation, its melting pfunt 
is lowered by pressure ; but if a substance contracts in congealing, its melting point, or point of 
congelation, is raised by pressure. 

Table III. of melting points in F. degrees is taken from Bankine’s ^ Buies and Tables ' ; — 

Table IIL — Mei/tiko Ponnw. 


Mercnry 38° F. 

Ice 32° „ 

Bose’s fusible metal, 1 part lead, 

1 tin, 2 parts bismuth .. .. 210° 

Sulphur 228° 

Tin 420° 

Bismuth 493° 

Lead 630° 

Zinc 700° ; 


Silver 1280° P. 

Brass 1869° „ 

Copper 2548° „ 

Gold 2590° „ 

Cast iron 8479° „ 

Wrought iron . . higher, but uncertain. 

Phosphorus 1 1 1° P. 

Wax 147° „ 


The temperature at which melting occurs is, for most substances, fixed; this temperature indi* 
eating the limiting condition above which the substance exists as a liquid, and below which it 
must exist as a solid. The laws which have been enunciated are subject to certain quaUfioations, 
such as slow process of cooling, and Variations of external pressure, which may lower the tempera- 
ture of solidification, but under the same conditions they are invariable. The continuous application 
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of heat to a Bolid at its melting point does not raise its temperature, as long as anj portion remains 
solid ; and, commonly, the abstraction of heat from a liquid at its point of solidification does not 
lower its temperature, as long as any portion remains liquid. The change of state is also usually 
accompanied oy a sudden change of volume. 

Borne substances, however, pass from the solid to the liquid state without showing a definite 
melting point, becoming plastic between tiiese states. Glass and iron are examples, and instead of 
a definite melting poitit, a certain interval of temperature is required for the change. 

When bodies pass from the solid to the liquid state, the increased rate of expansion is generally 
followed by a further expansion, so that the substance, after faslon, ooenpies a greater bulk at the 
same temperature than before fusion. 

Phosphorus expands at the moment of fusion about 3*4 per cent., sulphur 5 per cent., wax very 
slightly, stearine about 5 per cent. Bose’s fusible metal exhibits remarkable properties in this 
resiject. When heated from 32° F. to about 108°, it expands in the ratio of 1 to 1*0027 ; as the 
temperature is further increased, it contracts, its volume at 190° F. being the same as at 32°, In 
melting it expands again, so that at 208° its volume is 1*01 of its volume at 32°. This alloy, 
therefore, contracts from 108° to its melting point. Water, as is well known, expands at the moment 
of freezing, or contracts in molting about 10 per cent. ; one volume of water at 32° F. gives 1*102 
volumes of ice, and one volume of ice *908 volume of water at the same temperature. Bismuth, 
cast iron, and antimony expand like water in passing from the liquid to the ^lid state. 

The increase of the specific heat of a solid, as it approaches its melting point, appears to be con* 
necteci with the increase of the coefficient of expansion, wliich also increases simultaneously. At 
the melting ^joint the whole of the heat applied to a body is, apparently, required to overcome those 
molecular attractions, which keep the molecules in the state of proximity belonging to the solid 
condition. The work of the heat applied is thus absorbed or expended without {Irc^ucing increased 
molecular vibrations. 

Heat which would have become sensible heat in the pure solid or liquid, disappears or is trans- 
formed into the work of overcoming these molecular attractions, and is said to become latent. The 
latent heats of fusion of a few substances estimated in units of heat, have been determined experi- 
mentally by various observers, and some of these are exhibited in Table IV. 


Table IV. — Latent Heats op Fusion op dipperent Substances. 


Mercury 


Phosphorus 

9*018 

»» 

»» 

Lead 

9*740 

»» 


Sulphur 

16*954 


»> 

Bismuth 

22*726 



Tin 

25*702 

»> 

>9 

Silver 

38*057 

*> 


Zinc 

50*682 


»» 

Ice 

140*000 

*» 

»» 


The coefficient of expansion of liquids with increase of temperature is greater than that of solids, 
and, as in the case of siilids, the coetticieut increases with the temperature. 

The cooflicient of expansion of mercury, that is, the increase of volume for 1° C. in terms of the 
volume at 0°, or the melting point of ice, increases from 0*000179 at 0° C. to *000197 at 350° C. 
The following Table V. gives the increase in volume of water from the experiments of Kopp, 


Table V.— Expansion op Water from 0° Centigrade to 100°. 


4° 

1*000000 

50° 

1-011890 

10° 

1*000247 

60° 

1-016715 

15° 

1*000818 

70° 

1-022371 

20° 

1*001690 

80° 

1-028707 

30° 

1*004187 

90° 

1-035524 

40° 

1*007654 

100° 

1-043114 


When cooled below 39° *1 F., water expands by a corresponding and nearly identical law for 
a limited number of degnies. 

In regard to very volatile liquids, like carbonic acid, which retains its liquid state at ordinary 
tom perat tires only under very great pressure, the coefficient of expansion is supposed to be large 
relatively. Each liquid has a coefficient of expansion different from that of other liquids. To 
this fact may bo added the general law, that the coefficient of expansion of the same liquid, 
varies with the temperature according to a special law for each fluid. 

It may be observed, from the tables of coefficients of expansion for solids and liquids, that the 
total change of volume from the lowest to the highest temperature, consistent with the solid or liquid 
condition of any substance, is very small compared with the actual volume of the body which 
undergoes such a change, and hence the influence of the external pressure upon the bounding 
surfaces is very slight during the change. The work performed by heat in expanding liquids and 
solids, may be regarded os entirely expended in producing change of temperature and change of 
aggregation, the external work in all ordinary cases, especially when the solid or liquid is exposed 
only to atmospheric pressure, being so small that it may be disregarded. 

In the case of homes in the gaseous condition, however, this is different. Gaseous bodies cannot 
exist in a flxed or determinate volume, ordinarily, unless they are enclosed within bounding surfaces 
or envelopes. 

For a definite volume of a w thus oonfined, there are thus but two conditions involved in its 
existence, the temperature, and the pressure which it exerts against the bounding surfaces of the 
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envelope. If such an envelope be perfectly elastic and heat be transferred to the gas, the external 
pressure^ such as <he pressure of the atmosphere, remaining constant the effect will be an expansion 
of volume. This expansion will be much greater than the expansion of liquids and solids for the 
same increase of heat. 

The coefficient of expansion or increase of volume under such circumstances, for an increase of 
temjxjrature of 1° F., has been determined, through the well-known experiments of Begnault and 

others, to be 0*002035 or 77 —-. of the volume of the gas at 32° F., and for 1° O., 0*00365 or 
431*4 

of the volume of the gas at 0 ° C. 

If wo now compare the cubical dilation of solids, liquids, and gases in a general way, as in 
Table VI., we may taie for such comparison the increase of volume from 0° to 100° 0., or 32° and 
212° F. 

Table VI. — Expansion fob 100° O. 


Gases 0*365 

Liquids* 

Pure water 0*04775 | 

Soa- water 0 * 05 

Spirits of wine . . 0*1112 

Mercury .. .. 0*0182 

Oil, linseed and olive 0 * 08 

Solids. 

Brass .. ./ 0*0065 

Bronze 0 • 0054 

G^pper 0*0055 

Cast iron 0*0033 


Wrought iron and steel . . . . 0 * 0036 

Lead 0*0057 

Tin .. .. 0*0066 

Zinc 0 * 0058 

Brick, common 0*0106 

Firebrick 0*0015 

Cement 0 * 0042 

Glass 0*0027 

Slate 0*0031 

Averotje Values. 

Solids * 0*005 

Liquids 0 * 060 


The expansion of gases, 0*365, is strictly true only for the perfect gases, namely, gases which 
have not been liquefied. 

In the above comparison of the changes of volume of solids, liquids, and gases under equal 
changes of heat, the coefficients for solids and liquids are only mean values between 0 ° and 100° C. 

And, moreover, as before remarked, each solid or liquid substance has its own coefficient, which 
increases slightly as the temperature rises. In regard to gases, however, a more simple law holds 
true. The coefficient *00365 for each degree 0., or *0020276 for F., is the same for all perfect gases 
and for all pressures upon the external envelope, provided only that the pressure be constant during 
the change of volume, or during the transfer of heat. Thus one volume of a |[)erfect gas at 0° 0., or 
32° F., will become 1 + 0*00365 or 1 ^^ volume at 1 ° C., or 1 H- 0*002035 or volume at 

32° -f- 1 ° F. A slight difference in the coefficients was found by Begnault for the different giises, 
and also a blight difference at different external pressures, but for purposes of ordinary calculation 
the coefficients of all perfect gases may be regarded as the same. 

We may conceive, however, that when heat is transferred to a gas enclosed within an envelope, 
for instance within a cylinder which is closed at one end by a movable piston, the volume and the 
external pressure may change simultaneously, and thus the three quantities which determine the 
condition of the gas, namely, the volume V, the pressure P, and the temperature t, may all be 
variable quantities. 

The relation between these quantities, under such conditions, has been found, and is represented 
by what is well known as the law of Mariotte and Gay-Lussac. The following equation is the 
mathematical enunciation of this law ; — 

PV = B(a+0, 

in which P is the external pressure upon unit of surface, V the volume of unit of weight, B a 
constant which depends on specific gravity or density of the gas, the weight of this unit of 
volume ; t the temperature, and a the number 273, Centigrade degrees being employed, and 459 * 4 
if Fahrenheit degrees be employed. 

The quantity P, defined as the external pressure upon a unit of surface, is evidently also the 
outward pressure of the gas. In the illustration, in which the gas is supposed to be confined in a 
cylinder with a movable piston, it is apparent that when there is a state of equilibrium, the external 
and internal pressures must 1^ equ^. Hence the pressure P is also called with propriety the 
elastic force of the gas, which is always exerted in an outward direction. 

Mariotte's and Gay-LuBsac*s laws combined are expressed by the following formulas ; — 

45^*V< = *■•*«»**«“ 

In this expression P represents the pressure in pounds upon one square foot, and V the volume in 
cubic feet occupied by one pound of the gas at any temperature t ; P^, Yq, and represent respeo- 
tivelv the pressure, volume, and temperature of the gas at 0 ° Centigrade, or 32° Fahrenheit. 

The specific heat of a substance has already been referred to, as the quantity of heat, in units of 
heat, necessary to cause a change of 1 ° in the temperature of one unit of weight of the su^tanoe, at 
some standard temperature and pressure. 

A standard temperature and pressure are necessary, because the specific heats of all substances, 
except f^rfect ^ses, vary slightly with the external pressure, and with the temperature. T^ unit 
of heat in English measures, to which other special units or specific heats aie reforr^, has been 
defined to be the quantity of heat neoo 88 a 37 to cause a change of 1° in 1 lb. of pure water at the 
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temperature of 89° *1 F., and the specific heats of the tables are expressed iu fractions of the 
unit of heat. 

The expression 

Q =^(A + B + C), 

which illustrates the effects of a change of heat q in any substance, solid, liquid, or gaseous, shows 
that a quantity of heat added to a given quantity of any substance causes these effects, as has been 
already stated, namely, increase of molecular vibration, or increaso of sensible heat represented by 
A ; change of position of the particles, overcoming forces of attraction, B ; and overcoming external 
pressure C, arising from expansion or increase of volume. 

From this it appears that the change of sensible heat represented by A does not include all of 
the hciit involved in the change, and the thermometer will give only an apparent specific heat, the 
real specific hc^at being the whole heat, part of which has been expended in producing the effects 
B and C, representing internal and external work, and which has disappeared as heat. 

If the substance can be confined to a constant volume, it is evident that these terms will vanish, 
and the iif)parent will be also the real specific heat. 

In solids and liquids the amount of expansion is so small that the difference between the real 
and api)arent specific heats is small. Nevertheless, it exhibits itself in experiments for determining 
specific beats, by showing an increase of specific heat as the expansion increases. Tables VII. and 
VIII. illustrate this fact. 

If the moan specific hents are taken between 32° and 212°, they will bo as shown in the first 
column ; and if between 32° and 540° F., the results are given in the second column. 

Table VII. — Specific Heats. 



M ean bf'tween 32^ 

Mean between 32“ 




and 212*^. 

and 640°. 



Iron 

0*109 

0*1218 



Mercury 

0-0330 

0*0350 



Zinc 

0*0927 

0*1015 



Antimony 

0*0507 

0*0549 



Silver 

0*05.57 

0*0611 



CujqKT 

00919 i 

0*1013 



Platinum 

0*0355 

0*0355 



Glass 

0*1770 

0*1990 



For water, the increase of specific heat is 

O = spec, heat = 1 *0000 at 0° Centigrade. 

= 1*0042 ,, .50° „ 

= 1*0132 ,,100° 

= 1*0202 „ 150 *^ „ 

= 1 0440 ,,200° „ 

= 1*0568 ,,230° 

For gases it has been explained that the term B disappears, and the expression above reduced to 

Q = TT4 "b ^)* 

If now the gas be hopt at constant volume, no expansion will occur, and the term C will also 
disappear, and the whole effect of a transfer of heat to the body will bo to cause an increase, A. 
But if, in a<lditiou to the same change in A, the ^s expands and performs work represented by Gj 
the 8p<K!ific heat will be greater. This is called the apparent specific heat of the gas, and the 
specific heat under constant volume the real specific heat. 

The results of experiments by Regnault to determine the specific heats of gases at constant 
pressure, are given in Table VIII. for tlie substances named ; — 

Table VIII.— Specific Hlats at Constant Pressure. 


Air 0*2.377 

Oxygon 0*2182 

Nitrogen 0 2440 

Hydrogen 3*4046 

Carbonic acid 0*2164 

Carbonic oxide 0*2479 

Marsh gas 0*5929 

Ammonia 0*5080 

Sulphuric acid 0*1553 


For specific heats of gases at constant volume direct experiments are difficult, and they have 
been determined only by indirect methods. Let C be the specific heat of a gas at constant pressure, 

C . 

and C' the speoifio heat at constant volume : the value of the ratio may be determined by 

various methods. The results of these methods indicate that for air the ratio is = 1*410 = A, 
the exponent employed in the formul® given for the expansion of gas in a previous paragraph. 
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For steam in the perfectly gaseous state, according to Rankine the ratio is = 1*804, and 
4 

according toothers, — = 1*383. 

The specific heat of air under constant volume, found in this manner, is 0*169, 

The difference between 0*2377, the specific heat at constant pressure, and 0*169 = 0*069, is 
really the latent heat of expansion of air for 1° at 32^ F. 

By comparing the work due to the expansion of air, in foot-pounds, with this quantity 0*069, a 
theoretical verification of the rnechauical equivalent of heat may bo found. 

Let one pound of air be subjected to a change of heat corresponding to 1° F., first under con- 

A -f- O 

staut pressure, and then under constant volume. According to the expression q = — — , which 
represents, generally, the dynamic equivalent of heat, we shall have, in the first case, 

X E = A -H O ; 

and in the second, since C disappears, being the work due to expansion, we have 

X E = A, 

and 

(7-7')E = A-A + 0=C. 

7 — 7' is the difference, in units of heat, between the quantities of heat necessary to raise 1 lb. of air 
1^, under the conditions of constant pressure and constant volume, and will bo represented, accord- 
ing to the corresponding values of the specific heats, by 


and we shall have 


0*069 X 1® units of heat, 

0*069 X 1° X E = 0 = work of expansion. 


But we have from Mariotte and Gay-Lussac’s law 

PV = 53*35 T, 

and 

PV' = 53*35 T', 

and 

p (V - V) = 53*35 (T - T') = 53*35 x 1° 

But P, the external pressure, x by the change of volume, is the work of expansion = O. 
Hence 

C = 53*35 X r ; 

0*069 X r X E =53*35 x 1®; 

0*069 X E = 53*35; 

and 

„ 53*35 „ 


This is a theoretical dynamic equivalent of heat depending on the law of Mariotte and Gay-Lussac, 
and the values of specific heats found by experiment. 

Actual direct determinations of this equivalent have been made by different investigators, with 
the results given at p. 709. 

The number 772 * 69, determined by Joule, is re^i^ed as the most satisfactory, and 772 has been 
adopt^ as the equivalent in English measures, and is often called Joule’s equivalent. Compared 
with the above theoretical determination, we have 


Theoretical E = 778*2 

Experimental, by Joule E = 772*69 

Difference 0*51 ft.-lb. 


It has been found impossible to determine, theoretically, the relation which the temperatnies 
bear to the pressures, and, upon this point, reliance is placed mainly on the celebrated experiments 
of Regnault. On account of the universal employment of steam in practical applications, the 
importance of the results can hardly be sufficiently estimated. Kognault’s Tables, in Jact, con- 
stitute the basis of all theoretical applications of heat through the medium of steam ; giving, as 
they do, in exact figures, the elastic force of saturated steam for all usual temperatures. 

These Tables i£ow that no simple relation exists between the maximum tension and the tern* 
perature. Different empirical formulas have been proposed, however, to express this relation with 
certain degrees of approximation. 

The specific heats of the vapours of water, alcohol, and ether, as determined by Begnault, are 
given in the following tabular form, together with the densities at 82®, and at one atmospheric 
pressure *, — 

Denrfty, sir being unity. Specific Heats. 

Vapour of water 0*622 0*4750 

„ alcohol .. .. 1*589 0*4518'' 

„ ether 2*556 0*4810 
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In regard to the speoifio heats of bodies, it is maintained by Clausius, that the true or real speoido 
heat of a body would be constant, if the volume were kept constant for all states, solid, liquio, and 
gaseous. 

Bankine maintains, on the other hand, that the real specific heats remain constant, if there is no 
change of volume, only so long as the substance retains the same state, solid, liquid, or gaseous; 
and that a change of specific heat occurs with a change of state, even though there is no change of 
volume. It is difficult to decide such a question experimentally, but the views of Clausius appear 
to be most in accordance with the dynamic theory of heat. 

The combustion of bodies in air being to a certain extent a self-sustaining process, it is only 
necessary to supply the elemente of combustion, fuel and air, in proper proportions, and to ignite 
the combustible at one point, in order to produce heat at will, and in any desirable quantities. 
And the elements necessary being edmost universally distributed, or at least re^ily procurable, there 
are scarcely any circumstances in which the evolution of heat for useful purposes is not practicable. 

For the purposes of heat-power it is not advisable, however, except in some small heat-engines, 
to employ the heated products of combustion directly in the cylinders of engines ; and hence the 
necessity of transferring the heat of combustion to water, or some other liquid, as tlio medium 
through which the heat is utilized. Watery vapour is that which is universally used, not only on 
account of the favourable properties of this vapour, but also from the universal distribution and 
cheapness of the liquid, the expense of procuring it being comparatively small. 

The apparatus for producing steam tmder the circumstances required for use must combine, 
therefore, the conditions necessary for the supply of water, the transfer of the heat of combustion 
to the water, and the retention of the steam produced. 

The full discussion of these conditions, in the case of the steam boiler, involves the construction 
and arrangement of the parts of the boiler, and cannot be disconnected from tliem ; but there are 
certain general principles of physios which form the basis of such construction and arrangements, 
which may be first enumerated in a general way, such as the laws of transfer of heat, the temperature 
of the products of combustion, and the laws of conduction. The transfer of heat from a heated body 
to one that is at a lower temperature consists, according to the dynamic theory of heat, in the 
loss of living force, due to heat-motion, in the hotter body, and an equivalent gain of living force 
in the colder body. When the two bodies are quite distinct, or separated, and do not form part 
of one and the same body, this transfer takes place generally, as has been stated, through the 
intervening ethereal medium by the process of radiation. Through this medium there is a ten- 
dency to equilibrium of temperature, or of living force, the relative exchange of temperatures 
being inversely proportional to the masses of the bodies. 

It is probable that the transfer of heat between two bodies is always thus accomplished by radia- 
tion, although, technically, a distinction is made between the transfer at appreciable distances, or 
radiation, and the transfer by actual contact of the two bodies. 

Heat may be transferred practically also by the actual change of position of the body in which it 
exists. In this mode of transfer, which is called convection, or carrying, the transfer is a mechanical 
one, and is not in any way connected with the change of heat in the body carried. Although this mode 
of transferring heat is of great importance in the arts, and especially in connection with the genera- 
tion of steam, involving as it does the question of the circulation of heated fiuids, yet after the con- 
vection of heat by tlie transfer of the body in which it exists, whether that body be solid, liquid, or 
gaseous, there still must take place the transfer from the heated body to another, by the process of 
radiation or contact, before the heat can be utilized as heat Thus a heated gas or liquid may be 
carried through pipes, or may be mingled mechanically with other gases or liquids for the purpose 
of conveying heat ; but the final process by which that heat is actually transferred from the heated 
gas or liquid to another body, as heat, must depend on the dynamic laws of heat. 

In adopting, therefore, the usual designations, radiation, contact, and convection, of the modes 
by which heat is transferred, it is to be understood that the latter is a mechanical mode, and need 
bo discussed only in connection with the carrying of bodies, to the places or points at which it is 
desirable or necessary for them to impart their heat to other bodies. A heated particle of a substance 
communicates vibrations to the ethereal medium, whether the particle be surrounded by air or 
whether it be in a vacuum. In ordinary language, the particle sends rays of heat in every direction ; 
these rays or waves proceed indefinitely, without change in strength or character, and with the same 
velocity as light, until they are intercepted by some b^y in the paths of the rays. If such a par- 
ticle be a molecule on the surface of a body, it is evident that it will send off rays of heat iu every 
direction not intercepted by the body itself. 

It is a common error to suppose that the intensity of a ray of heat diminishes, as the distance 
between the body emitting and the body receiving the heat increases— that is, inversely as the 
square of the distance. The same popular error exists to a certain extent in regard to the force of 

f ravitation ; whereas the greatest conceivable distance* have apparently no effect in retarding or 
iminishing the effects of the influences called heat and gravitation. The law of the inverse squares 
of the dist^ces is rather a geometrical than a physical law, and refers to the action of one body on 
another, wliether the question be one of heat or gravitation. 

A body or collection of molecules possessing a certain amount of living force, due to heat, 
imparts this energy to the ethereal medium in all directionB, and the quantity of energy intercepted 
by ^another body will depend on the distance between the two bodies; the quantity thus inter- 
cepted by the same body at different distances being inversely proportional to the squares of the 
distances. 

This purely geometrical law may be illustrated by supposing a heated body to be giving off 
radiant heat in every direction. Another body, a plate for instance, placed at regular distanoes 
from the heated body, will intercept less of this heat as it is removed from the heated body, the 
number of rays, or quantity of heat, intercepted at two different distances being, from the 4?eo- 
metrical conditions of the problem, inversely proportional to the squares of those distances. 
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The ftbsurtlity of supposing that, because the mathematical result of reducing the distance to 
zero is a symbol of infinity, therefore the physical Infiuenoe at that distance is infinite, need not be 
discussed, although such an assumption is often made in attempts to discuss the intensity of 
molecular forces. When, therefore, it is said that the intensity of radiant heat varies inversely as 
the square of the distance, all that is meant is, that the same body, placed at different distances 
from the same source of heat, will receive, in a mven time, by radiation, difierent quantities of heat 
in the inverse proportion of tlie square of the distances. In going away from a glowing fire, for 
instance, we receive less and less heat, because, as distance is increased, we pass out of the paths 
of large numbers of divergent rays which would otherwise reach us. ^ ^ , 

The inclination of the surface which intercepts radiant heat determines, for similar reasons, the 
quantity of mdiant heat received. Even if the rays bo supposed parallel, as in the case of the 
radialit heat of the sun, it is apparent that all the neat conveyed by a beam of rays may bo repre- 
sented by the section of the beam perpendicular to its direction. If the l)eftra falls upon a surface 
inclined to its direction, the amount of surface over which tlie beam will be distributed will bo 
greater as the inclination of tho surface is greater. If the surface be plane when it becomes parallel 
to the axis of tho beam, it will receive no heat. 

Hence in estimating the Intensity of radiant heat by units of surface, tho inclination of the 
receiving and absorbing Burfaces must be considered. 

The regions of the earth’s surface near the poles, from their approach to parallelism with the 
direction of the sun’s beams, receive less heat on each square mile than at the tropics. If a heated 
body be placed within an c'nclosed space, it is evident that although some parts of the enclosure 
may receive more heat a square foot than others, yet all the heat emitted will bo absorbed. All 
the heat emitted by radiation from the incandescent fiiel, on the grate of tlie furnace of a steam 
boiler, is thus absorbed by the side walls and crown of the furnace, though in different proportions 
a square foot. 

Attempts have been made to determine the quantity of heat, in units of heat, emitted by any 
given surface at a given temperature, supposing the ttmiperaturo of tho absorbing surfitces to 
remain at constant temperature. Dulong and Petit made numerous experiments on this subject, 
which resulted in the determination of certain general laws. The experiments wore made to 
determine the rate of cooling of bodies in an enclosed space, the 8|)ace l^ing filled with different 
gases, and the enclosure being maintained at constant temperature. 

The results were enunciated as follows ; — 

The cooling of a body results from radiation and from contact of the fluid or gas which 
surrounds it.** 

** The rate of cooling, from radiation alone, is the same for all bodies at the same temperature, 
but its absolute value depends on the nature of the surfaces.” 

It is represented by the following formula ; — 

g = 0 . a* (ah — 1) or g = Cj (ah — 1) ; 

in whicli q represents the number of French units of heat, emitted by one unit of surface in a unit 
of time, C a constant depending on the nature of the surface of the radiant body, n the number 
1’0077, t the temperature of the enclosure or absorbent, and tho excc>sH of temperature of the 
radiating body over the absorbing body in degrees Centigrmie. The mto of c?ooling by contact of a 
fluid surrounding tlie heated b<xly is also tlie same for all heated bodies, but its absolute value does 
not depend on the nature of the surface, but only on the form of the heated body. 

For air under ordinary atmospheric pressure, the law of cooling by contact is expressed by the 
formula 

^ = 0' 

in which q represents the quantity of heat in calories, abstracted from one unit of surface by tho air, 
in a unit of time, C' a constant depending on the form of the surface, and t the excess of tempera- 
ture of the body over that of the air surrounding it. 

These general laws were confirmed by Peclfet, who marie many experiments to determine the 
constant coefficients of the formulas. Similar experiments have more recently been made also by 
Hopkins, whose results are as follows, for radiation alone ; — 

Glass, q = 9*5GG at (ah - 1) ; dry chalk, </ = 8*013 (ah — 1); dry now red sandstone, q = 
8*377 (ah — 1) : polished limostone, q = 9*10G«^ (<*h). In which q represents the (quantity of 
heat emitkd in one minute from one square foot of surface, in terms of a unit which is the 
quantity of heat require d to raise the temperature of 1000 grammes of water 1° C. 

Hopkins also determined by experiment the constants in the formula for the cooling power of 
gases by contact; it may be doubted, however, whether the experiments were made in such a 
manner as to leatl to n sults of practical value. The constants determined by Peclfet and by 
Hopkins can only refer to the sp^ial conditions under which the experiments were made, which 
are not tliose admitting of general application. Moreover, the fl<'parating of tlie influences of 
radiation and contact in the exfieriraents, does not seem to have been sufficiently com{)lote. 

The only results of value seem to he the general laws, as enunciated, without reference to 
quantities of heat. 

The relative radiating powers of different surfaces at 180^ F., as determined by Leslie, are 
represented anproximately in Table IX. 

It is stateu by Magnus that the greater or lesser density of the surface has no influence on 
radiation from tno surface. Platinum which has been strongly hammeriHl, possesses the same 
emissive power as platinum carefully annealed. But tho same surface rongnened with emery- 
paper has its emissive power greatly increased. As far as quantities of heat are conoemed, it is 
doubtful whether anything further than such relative determinations can, in ttie present stote of 
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knowledge, be depended on ; the actual or absolute quantities for different temperatures being still 
uncertain. 

Tablb IX. — ^Badiatiko Powbbs of Subfaoes. 


Lamp-black 100 

Paper 98 

Besin 96 

Scaling- wax 95 

Crown glass 90 

Indian ink 88 

Ice .. .. 85 

Bed-lead 80 


Mica 80 

Graphite 75 

Tarnished lead 45 

Mercury 20 

Polished lead 19 

Polished iron 15 

Tin plate 12 

Gold, silver, copper 12 


^^^E^eriments by Magnus give the following relative emissive powers for different surfaces at 


Blackened silver 100 

Glass 64 

Fluor-spar 45*5 


Bock salt 13 

Polished silver 9*7 


The laws of radiation which have been enunciated point out, however, one fact which has an 
important bearing in connection with the transfer of heat. The formula 7 = 0 . o' — 1) shows 
that the differences of temperatures of the radiant and absorbing bodies, enter as exponents in the 
formula, so that with a constant temperature of the absorbent body, such as the water over the 
furnace in steam boilers, the quantity of heat emitted by the grate, and absorbed by tlie water, will 
increase with great rapidity as the temperature of the tire increases. The formula for the cooling 
of the gaseous products of combustion, on the other hand, 7 = shows, if this law be true, 

that the iniluenco of increase of temperature in the gases is not so great as in radiation, because 
the difference of temperature between the heated gases and the water of the boiler, is simijly 
raised to the power indicated by the constant extxjnent 1 * 233. 

Light and radiant heat are now assunied by philosophers to bo manifestations of the same 
physical agent ; and heat, like light, when it falls upon the surfime of a body, may be reflected, 
refracted, absorbed, or polarized. The radiating powers of difterent bodies, or different surfaces, 
represent also their absorptive powers, and radiant heat does not affect the eye, or solids do not 
become luminous, until the temi)emture reaches about 750° F. 

The radiation and absorption of gases, according to Tyndall, present very peculiar laws, and 
our knowledge of the action of gaseous bodies on radiant beat is still very slight. It has been 
demonstrated experimentally that a ray or beam of heat is wholly, or almost wholly, transmitted 
through moderate distances in air, oxygen, hydrogen, and nitrogen ; and conversely, no radiation 
takes place from the heated particles of those gases. The only mode, therefore, by which heat can 
be imparted to these gases, or by which they can impart heat toother bodies, is by actual contact. 
Some other gases possess remarkable powers in absorbing or intercepting dark radiant heat. 

The absorption of radiant heat by vapour of water diffused in air, under circumstanoes of average 
humidity, is seventy times greater than the absorption by dried air. As the quantity of watery 
vapour is increased, the amount of heat absorbed is also increased. 

This fact has been suggested by C. E. Emery, of New York, to be an important cause of loss of 
heat in the cylinders of steam engines, when there is condensation in the cylinder. Tlie walls of 
the cylinder radiate lieat to the cloudy vapour and become cooled, the heat radiated being carried 
out with the exhaust ; and when new steam is again admitted, the walls are again relioated by 
the incoming steam. 

Comparative experiments, made with glass and iron cylinders, seem to confirm tliis view, glass 
being a feeble radiator and absorber. Acting on this idea, Emery proposetl a mechanical t-^parator 
to the double cylinder engine, to remove the particles of water from the steam in its passage fri>m 
the smaller to the larger cylinder. 

The quantity of watery vapour contained in air at different temperatures is often a matter of 
importance, especially when tc^cn in connection with the radiation of heat. Table X. shows the 
quantities of watery vapour in air at dow points from 0° to 100° F. 

The fact that air charged with moisture absorbs, in eacli unit of time, seventy times more heat 
than air practically dry, is an explanation of a phenomenon which has an important bearing on human 
health and comfort. When air at a high temperature is overloaded with moisture, radiation takes 
place from the air to the body, producing an oppressive sensation of heat. When, on the other 
hand, the temperature of saturated air is lower thau the natural temperature of the body, the 
radiation or transfer of heat will take place from the body to the air, producing the sensation of 
cold. 

It is this that makes a low temperature, with a dry atmosphere, more bearable than a higher 
temperature with air highly charged with moisture. 

Definite knowledge on the transfer of heat by contact, in reference to quantities of heat, would 
be of greater value, practically, than a knowledge of the exact laws of radiation, because in nearly 
all oases the quantity of radiating surface, in the evolution of beat by combustion, depends on the 
quantity of incandescent surface of the fuel, the size of furnace, and form of bed of fuel ; which 
quantities are dependent on the quantity of heat required an hour, and are thus fixed by other 
oonditlouB than the laws of radiation. But the utilization of the heat in the gaseous products of 
oombustioii, requires special constructions of fiues and pipes which, while conveying these gases 
to the ohimneys, act at the same time as heating surfaces for liquids in contact with the surfaces. 

When heated rases, or liquids, are conveyed in pipes or conduits to the places where the heat 
is to be given off, by contact or radiation from metallic surfaces, the utilization of heat involves the 
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laws of transfor by oont^iet, and the determination of the neoessarv amount of surface in such case 
is often directly dependent on these laws. The quantity of heatiag surfaces of steam boilers, the 
cooling surfaces of condensers, the quantity of surface of hot-water pipes for heating air for 
dwellings and factories, questions which are continually presented to the engineer, are dependent 
on the action of these surfaces in transferring, by contact, the heat of a liquid or gas on one side of 
a surface, to a liquid or gas on the other side. 

Table X. — Quantities of Watery Vapour in Air. 


Deg. 

Fahr. 

Grains In a 
Cubic Foot. 

Beg. 

Fahr. 

Grains in a 
Cubic Foot. 

i Beg. 

1 Fahr. 

Omins in a 
Cubic Foot. 

B^K* 

Fahr. 

Grains in a 
Cubic Foot. 

Beg. 

Fahr. 

Grains in a 
Cubic Foot. 

0 

0186 

20 

1*563 

i 40 

3-066 

60 

5*828 

80 

10*732 

1 

0-810 

21 

1*618 

41 

3*168 

61 

6*013 

81 

11*055 

2 

0*836 

22 

1-674 

42 

3-274 

62 

6*204 

82 

11*388 

3 

0*864 

23 

1*733 

43 

3*382 

63 

6*400 

83 

11-729 

4 

0-893 

24 

1-793 

44 

3*495 

64 

6*620 

84 

12*079 

5 

0*925 

25 

1-855 

; 45 

3*610 

65 

6*810 

85 

12*439 

C 

0*957 

26 

1*915 

46 

8-729 

66 

7*024 

86 

12-808 

7 

0*992 

27 

1*986 

47 

3*851 

67 

7-243 

87 

13*185 

8 

1*028 

28 

2*054 

' 48 

3*979 

68 

7*469 

88 

13*577 

9 

1*065 

29 I 

2*125 

49 

4*109 

69 

7*702 

89 

13*977 

10 

1*10.3 

1 30 1 

2*197 

50 

4*244 

70 

7*941 

1 90 

14*387 

11 

1*143 

1 31 I 

2*273 

51 

! 4*382 

71 

8*186 

i 91 

14*809 

12 

1*184 

32 ! 

2*350 

52 

j 4*524 

72 

8-439 1 


15*241 

13 

1*226 

I 33 i 

2*4.30 

53 

4*671 

i 73 

8*699 j 

! 93 

15*684 

14 

1*270 

1 i 

2*513 

' 54 

1 4*822 

74 

1 8-966 i 

1 9^ 

95 

16*140 

15 

1*315 

1 35 

2*598 

55 i 

i 4*978 

75 

9*241 

16*607 

16 

1*361 

1 36 

2*686 

56 

; 5*138 

76 

9*523 ; 

96 

17*086 

17 

1*409 

; 37 

2*776 

57 

6*303 

77 

9*813 97 

10 111 j 98 

17*577 

18 ■ 

1*459 

38 

2*870 

58 

5*473 

78 

18*081 

19 

1*510 

; 39 

2*996 

) 59 

i 

5*648 

79 

10*417 

i 99 

100 

18*598 

19*129 


It may be regarded as a rule, that when the liquids or gases on the opposite sides of a metallic 
plate remain at constant temperatures respectively, the thickness of the plate does not affect the 
rate of transfer of heat from one side to the other. It is only when the tem^ieratures of the fluids 
on the opposite sides are chan^ng, that the internal conductivity of the wall between them, or the 
dlssipalion of beat by the wall, need be considered. 

Thus the influence of the thickness of the metallic flues of a steam boiler is felt only in 
retarding the rapidity of first generating steam after the fires are started. After the boiler is 
working steadily at a given pressure, the greater or lesser thickness of the metallic plates which 
transmit the heat to the water, is a matter of little importance, as far as the rate of transfer is 
concerned. This fact has been demonstrated both by experiment and by direct observation. 

The following empirical formula gives, approximately, the rate of transfer of heat an hour, for 
each square foot of heating surface of the tul^ or flues of steam boilers; — 


<7 = 



in which f is the difference of temperature between the heated gases on one side at any point, 
q the quantity of heat transferred in units of heat, and a a constant, the value of which lies between 
160 and 200. 

This forjnula is intended only as a rough approximation. As it is stated by Rankine to be the 
result of experiments on the evaporative powers of boilers, it is pro^bly applicable only to the 
special conditions of these experiments. 

If we regard the water in the boiler as the absorbent of the heat, the sides of the flues being the 
walls of the chambers which separate the water from the heated gases, the application of the 
law of Dulong and Petit, would give the quantity transferred by each square foot in an hour as 
follows ; — 


differing from Bankine's formula onl^ in the exponent. 

All that is known definitely on this subject, at present, appears to be that the transfer is pro- 
portional to the difference of temperature raised to a power greater than unity, probably between 
1 and 2. ^ » r j 

The greatest difficulty in applying either law, lies in the indeterminate constant coefficient In 
all cases of heating or cooling a fluid by contact with a surface, the quantity of heat transferred in 
a unit of time, depends on the circulation of the fluid, and where one fluid is heated or cooled by 
another, the two being separated by a metallic plate, the circulation of both must be taken into 
consideration. This is the condition under which the beat of the gaseous products of combustion 
in the steam boiler is transferred to the water. Want of circulation in either the heated gases or 
the water, causes a retardation or complete suspension of the transfer of heat 

When heat is thus transferred by contact from one fluid, ei^iher liquid or gaseoui, to another 
through a metallic plate, it results from the law that the quantity transferred depends on the 
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differenoeB of temperatures, that the motions of the two fluids should be in opposite directions. 
Tile difference of temperatures will then be the greatest possible at every point. 

Heating surface is an expression used to designate in mechanical constructions ihe surfaces or 
plates, usually metallic, through which heat is transmitted. Where the transfer is by the contact 
of a fluid, as in the flues of steam boilers and cooling surfaces of condensers, the heating or cooling 
fluid is supplied in a continuous current, or stream, through the flues or pipes. In such cases the 
fluid usually issues from the apparatus at a constant determinate temperature. This tempomture 
will depend on the initial temperature and the specific heat of the fluid, and the total quantity of 
beat transferred from or to the fluid, as it passes through the apparatus, will be represented by the 
following expression ; — 

5^1 = O, (^i-O X W ; 

in which g, represents now, not the heat transferred from a particular square foot of surface in a unit 
of time, but the whole heat abstracted from, or imparted to, the circulating fluid in a unit of time ; 

t represents the loss or gain of temperature of this fluid, and W the total weight of the fluid 
which passes through the apparatus in a unit of time. 

The volume of fluid which passes through the apparatus, will be proportional to the velocity 
multiplied by the total sectional area of the flues or pipes through which it passes ; and since the 
weight is equal to the volume, multiplied by the density, or W = V D, it is evident that it will 
require a much greater volume of a gas, than of a liquid, to impart or abstract a given quantity of 
heat if a given quantity of heat is to be transferred by an apparatus, through the medium of fluid 
contact in a given time, that quantity being represented by 

?, = 0 , W («,-0 

or g, = Cj V D (^j ~ t). 

It appears, therefore, that the volume of the fluid, its density, its specific heat, and tlje initial 
and final temperatures, must all bo considered. Where the initial and final temperatures of the 
circulating fluid are fixed by the conditions of the problem, the quantities to bo considered will be 
the specific heat, the volume, and the density of the fluid. For given volumes of flow, liquids are 
therefore, under such conditions, more efficient than gases in proportion to their greater density. 

Conduction of heat refers to the transmission of heat, from one part of a continuous and homo- 
geneous body to another part of the same body. When a body is heated at one point, the heat is 
transmitted with greater or less rapidity throughout the whole mass, depending on the nature of 
the body, and the dififerences of temperature of the heated part and other parts of tho body. If 
the body is terminated by two parallel surfaces, which are each kept at a constant temperature, 
heat will pass at a constant rate from tho hotter surface to tho other by conduction. 

Tho law of conduction under these circumstances is, that the quantity transmitted for a unit of 
area, perpendicular to the direction of transmission, and for a unit of time, is directly proportional 
to the diflerenoe of temperatures of the parallel surfaces, and inversely proportional to the thick- 
ness, or distance, which separates the two surfaces. If and t represent the temperatures of tho 
two surfaces, and e the distance separating them, tlie quantity of heat transmitted will be 

0 ( e ,-0 

^ e 

The coefficient O depends on the nature of the body. 

When tho quantities of heat thus transmitted, for different bodies, across an interval one unit 
of length in thickness, and for one unit of area and time, are determined, these quantities of heat 
represent the relative conductibilities of the substances, and the numbers thus found, when referred 
to one as a standard, are called the conductivities of the different substanoes. 

The relative oontluotivities of metals determined by experiments on bars of a given cross-section, 
the transmission of heat being determined by thermometers, placed at diflerent distances in holes 
drilled in the bars, have been ascertained by different investigators. 

Table XI. of conduotivities is from experiments made by Wiedemann and Franz, the tempe- 
ratures along the bars being determined by a thermo-electric arrangement. 

Table XI. — Conddctivities of Metals. 


Name of Metal. 

1 Relative Conductivities. 

In Air. 

In Vacuo. 

Silver 

1000 

100 0 

Oopper 

73-6 

74-8 

Gold 

53-2 

54*8 

Brass 

23*6 

24*0 

Tin 

14*5 

15-4 

Iron 

11*9 

101 

Steel 

11*6 

10*3 

Lead 

8*5 

7*9 

Platinum 

8-4 

7*4 

Palladium .. .. 

6*3 

7-3 

Bismuth 

1‘8 
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It was found that the oonduotivity dimiiiishes as the temperature of the metal increases* 
For iron, the diminution of the number representing the oonduotivity was from 15 to 25 per cent, 
for an increase of 100^ temperature. It was shown also by Forbes that the same numbers show the 
relative conductivity for electricity. 

For the absolute quantities of heat, in thermal units, transmitted, the following Table XII. gives 
reliable data for a few substances. In this table the numbers and formulas give the quantities of 
heat in calories which will pass through a metallic plate 1 millimetre in thickness and 1 Muare 
metre in area in 1 second, when the temperatures of the two parallel surfaces differ by 1° Centi- 
grade. 

Table XII. — Absolute Conductivitieb op Metals. 


Name of Subslanoe. 

Observer. 

Angstrbm. 

Neumann. 

Copper 

102-7(1 -0*0035070 

110*75 

Zinc 


30*70 

Brass 


80*19 

Iron 

19-88 (1 - 0-00479,) 

10*37 

German silver 


10*94 

Lead 

By Peclet 

3*84 


The results of Neumann, reduced to English units of heat and English units of area, thickness, 
and time, will give the approximate numbers in the following table for the quantity of heat 
transmitted a second, by conduction, through an area of 1 sq. ft., and a thickness of 1 millimetre, or 
• 0394 of an inch, the difference of temperatures between the parallel faces of the plate being 1® F. ; — 


Copper 41-2 

Zinc 11*4 

Brass 11*2 


Iron 6*1 

German silver 4*1 

Lead 1*4 


The relative thermal resistance, or reciprocal of the conductivity of liquids, as determined by 
Guthrie, is given in the following table for the liquids named ; — 


Water 1*0 

Glycerine 3-84 

Acetic acid 8*38 


8perm oil 8*85 

Alcohol 9*09 

Oil of turpentine 11*75 


The absolute values of the conductivities of liquids are uncerbiin. It was ascertained by 
Guthrie, however, that the conducting power of liquids is greater at high than at low tempera tures. 
And when there is no convection of heat in liquids, by which heated particles are carried from one 
point to another, the conducting power of liquids is very small ; the conducting power of water 
being, according to IJeprctz, only about that of copper. 

Gase.s j)ossess such a feeble power of conduction that they have been regarded os not pos- 
sessing this property. Experiments by Magnus, and theoretical deductions by Clausius, however, 
demon^trate that in perfect gaises tliere is a slight conduction. Clausius estimates the conducting 
power of air to be aUmt tVinr lead. 

The calorific intensity of combustion, or degree of temperature of the proilucts of combustion, 
and of the solid incandescent combu.stible, seems to depend on the rapidity of combustion mthor 
than the quantity of heat evolved. Nearly all writers on the subject have given a method for 
finding what may be called the theoretical temperature of combustion, by supposing that all the 
heat evolved is contained in the gaseous products, and calculating the temperature by moans of 
the s|)ecific heats, and the weight of the products of combustion, and the heat evolved, making 
use of fonnulas corresponding to that which has been given at pp. 719, 720. 

Sucii determinations, however, have but little practical value for solid combustibles, because the 
rc.sidual incandescent solid gives off rapidly, by raaiatiou, heat which does not pass off with the gases. 
'J'iie amounts of heat thus given off for different solid combustibles, in parts of the whole heat 
evolved, are, according to Peclet, us follows ; — 


For Coal 
„ Coke 
„ Wood 


0-55 

0-55 

0-29 


For Charcoal 


Peat . . 
Peat-charcoal 


0*55 

0*25 

0*48 


The quantity of heat radiated from an incandescent combustible depends, not only on the 
temperature of the combustible, but also on the temperature of the al>sorbent, and the nature of the ' 
surfaces. On this account there does not appear to be sufficient ground for asoertaining the tem- 
peratures of furnaces, or of the escaping gases, by this process. It is well known from common 
observation, that the temperature in ordinary furnaces is greatly increased by a more rapid supply 
of air; so that the quantity of heat evolved in a given time, and the temperature, are thus 
increased. 

Chemical action is promoted by high temperatures, and the conditions for increase of tempe- 
rature, increase of heat evolved in a given time, and rapidity of chemical action, are opinoident. 
Where excessively high temperatures are desirable, as in blasting furnaces, and in melting metals, 
the substance to be melted is placed in contact with the fuel, and all external radiation prevented. 
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Under these oiroumstanoes air may be supplied in large quantities by artificial draught to the 
combustible. 

In open furnaces, however, where a part of the heat is to be transferred by external radiation as 
the combustion proceeds, too much air may be hurtful, by chilling the combustible and diminishing 
the activity of the lire. In all cases, complete or perfect combustion requires a fixed quantity of air, 
any excess being hurtful. The qiiantity supplied in a unit of time, must depend on the surface of 
the combustible exposed to inoanaescence or infiammatioii, and the rapidity of combustion. 

. Actual observation by a thermometer or pyrometer is, therefore, the only reliable means of ascer- 
taining the temperatures which acoomf)any combustion. 

The quantity of water which a steam boiler will evaporate in a given time depends, primarily, 
on the temperatures to which those parts of the plates of the boiler known as heating surfaces, are 
exposed, and to the extent of those surfaces. In the furnace, the crown and side- walls are exposed 
to the radiant heat of the incandescent fuel, and to the contact of the heated gases. The heating 
surfaces of the fiues are usually exposed to the contact of the heated gases alone. 

The temi)erature of the fuel, and the initial temperature of the heated gases, depend on the 
intensity of combustion, or the quantity of fuel burned on each square foot of the grate-surface in a 
unit of time, and also on tlie kind of combustion that takes place : perfect cembustion, in this con- 
nection, designating tliat in which no combustible gases or uncombinod oxygen escape to the 
chimney. For the transfer of heat in the furnace by radiation, if G represent the number of square 
feet of grate-surface, and q the quantity of heat emitted from each square foot in a unit of time, the 
quantity of heat transferred, according to the laws of Dulong and Petit, will be 

Q, = G = O {ah - 1) 
or Q, = Cl {ah - 1). 

The transfer of heat by contact of the heated gases in the furnace will be represented by 

Q, = FC, ^,»***^ 


in which F represents the total furnace surface, and the total transfer of heat in the furnace will be 

Qi + = C, {ah 1) + FO, 

In this expression, h represents the difference between the temperature of tbo incandescent fuel, 
and the temperature of the water in the boiler. If represent tiie temperature of the water in the 
boiler, the temperature of the gases as they enter the fiues will be -f t,c. From this initial point, 
the temperature of the gases will diminish, until they leave the heating surface in their course to the 
chimney. The law of this diminution may be thus found : Let 7, represent the quantity of heat 
transferred, at any point of the heating surface, through one square f(X)t, in one unit of time, the dif- 
ference of temperature at that ix>int being t. The quantity transferred through a portion of the 
heating surfaces represented by d s will bo 7, ds. 

The reduction of temperature which the gases undergo, in a unit of time, in passing that surface, 
will be d and the quantity of heat lost by the gases will lie represented by C W dt, 0 representing the 
specific heat of the gases, and W the weight of gas which passes the element d s in a unit of time. 
The quantity of heat transferred to the water muat be equal to that lost by the gases, and hence we 

Sid's rrCWdt 


ds = 


CWdt 


Substituting for q its value as given by the laws of Dulong and Petit, we have 


ds = 


CWdt 


Integrating this expression between tlic limits the initial temperature ht the temperature of the 
gases as they leave the flues, we have c W (f — t -**»«) 

® “ —- 2330 , ’ 

from which the value of h ^ found. 

CWta 


, - / \ ^ 

' “ Vow - •233ca«fa«*/ 


In this expression $ represents the whole beating surface of the boiler. 

This expression is of no special practical value, but serves to indicate a mode by which the 
initial temperatures may be found. The temperature of the gosos as they leave the flues may 
usuedly be observed by a common thermometer, and it would only be necessary to make experiments 
for ascertaining the value of W, and the constants which enter the equation. 

If the initial temperature could bo observed, or calculated with certainty, the quantity of heat 
imparted to the water through the heating surfaces of the flues might be found, being represented by 

Q, = O W (tj - f,). 

OWdt 

If the expression d s = ^ integrated between the limits and O, which supposes that 

the flues extend far enough, to reduce the temperature of the gases to the same temperature as the 
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water, we should obtain equations by which the relations between q and and t and become 
known, namely ; — 

* - o, JV', 9 - O4 , 

C» and O 4 being constants, and s being expressed in units of length of the flues, one unit being the 
length which corresponds to a segment which is equal to one square unit of area. 

The corresponding formulas, if we assume with Bankine that q = A^, will be 

ACW 


q = 


AC*W* 

s* 


These formulas show that after the gases enter the flues, the temperatures diminish very rapidly, 
and that the quantity of heat transferred through each square foot of surface diminishes by one 
formula as the fifth power, and by the other as the square, if the distance froin the initial point 
increases. The relative eflSciency of heating surfaces in {)a 88 ing towards the chimney may thus bo 
estimated. Increase of heating surface should be made as near to the furnace as possible, and not 
by adding length at the extreme end towards the chimney. 

The effects which follow the transferring of heat to a body, solid, liquid, or gaseous, have been 
described at p. 715. 

The term latent heat is a technical expression, designating a quantity of heat which h^ 
apparently disappeared, but which really has been employed in producing changes in the body, in 
the form of work, other than the change of velocity of molecular motion, or change of temperature. 
By reversing the process by which heat is thus made to disappear, this latent heat may be repro- 
duced. 

In separating the effects of a given quantity of heat q into the parts A, B, and C, the tme 
theories of the coefficient of expansion, speoific heat, and latent heat b^ome susceptible of rational 
explanation. Of these quantities, A and 0, for any change of heat in a body, can usually be 
numerically estimated ; the change A lieing directly proportional to T, the change of absolute 
temporaiuro, and the change 0 being the product of the external pressure multiplied by the 
change of volume of the b^y. The quantity B, however, cannot thus bo separately calculated, 
because there is not, in the present state of science, sufficient knowledge of molecular attractions to 
compute directly the work performed in overcoming these attractions, for a given change of volume. 
This is not important, however, because this quantity may be found from the expression given at 
p. 719, when 9 , A, and C are known. And in the action of bodies under the influence of heat in 
the solid and liquid forms, for nearly all bodies, the quantity C is so small for the extreme range 
of temperature belonging to those states, that for technical purposes it mav be neglected ; while, 
on the other liand, after the body has irassed to the state of vapour or gas, the quantity C becomes 
large, and the quantity B so small that it may be negUK^tod. 

The latent heat which, in the most general case, is represented by (B + 0) becomes for 

it A 

solids and liquids, practically, — B, and for gases, especially perfect gases, C, In other words, 

iiz nz 

in the case of solids and liquids, for all practical purposes, the effect of the exterior pressure may 
be neglected, and in the case of perfect gases anu vapours, the internal work may be regarded os 
simply confined to the change of molecular vibration. 

The specific heat of a solid or liquid may be regarded, therefore, as equivalent to 


c = (rt 4 . 6) 


772 


being the quantity of heat, in units of heat, which remains in 1 lb. of the substance, after an 

increase of tc^mperfiture of F., and being the latent beat of expansion of 1 lb. of the eub- 

77 is 

stance for rise of temperature. 

Practically, this quantity, or the latent heat of expansion, is included in the specific heat, for 
ordinary solids and liquids, the quantities a and h not bein|^ separated. The amount of heat 
necessary to raise one pound of a solid any number of degrec^s m temperature is thus c, the specific 
heat, multiplied by t, the number of degrees, c being the mean specific heat of the solid for the 
given range of temperature. 

A remarkable change noours, however, in the relative values of A, B, and C, when a body 
changes its state from solid to liquic^ or from liquid to gaseous. 

At the melting point, the quantity A vanishes suddenlv or graduallv, and the addition of heat, 
after that, does not raise the temperature of the residual mass of solid, or that part whi<^ baa 
become liquid, each additional unit of beat being expended in the work designatea by B 4 C ; B 
being the greater, and C being usually very small, and sometimes negative. 

B “4“ O 

This quantity pound of the substance melted is called the latent heat of fusion, 

and its value in units of heat for various substances has already been given, p, 717. 

After the body has all passed to the liouid state, if heiit be still applied, the quantity A re- 
appears, the substance is further heated ana the temperature rises, and mm the melting point to 
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the boiling point, the quantity of heat necessary to raise the temperature of the body F. is 
a^in composed of the three terms ; C being, as in the solid state, very small, since the expansion 
of liquids is small, and the specific heat of the liquid is taken to represent the combined quantities 
A, B, and.O. Tiie quantity of heat necessary to raise the temperature of 1 lb. of water from the 
melting point of ice to the boiling point of water being 

g =s c X 212®, 

and through any given range of temperature 


5 = c X — 0, 


c being the mean specific heat for the given range of temperature, and f| — f tho number of 
degrees. 

At the boiling point of a liquid, another remarkable phenomenon occurs, similar to that attend- 
ing the melting of the body. The term A again vanishes, or in other language, tho temperature of 
the liquid and its vapour remains constant, as long as the external pressure is constant, until all the 
liquid has passed to the state of vapour. All the heat transferred to the substance during this 
operation b^mes latent, or is expended in producing the work re|>resented by B + C. 

Tho sum of these two quantities expressed in units of heat, or - ■ is in this case the quantity 

772 


which has received the name of latent heat of evaporation, and which has been determined by 
various investigators for different liquids and for difierent boiling points. Table XIll. gives the 
latent beats of evaporation, in English units, of various substances, the pressure on tlie external 
surface being one atmosphere ; — 


Table XIII,— Latent Heat of Vaporization. 

966*23 .. .. Regnault. 


Water 

Ether 164*0 

Oil of turpentine .. .. 123*0 

Alcohol 372*7 

Hydrocarbons 107*8 


Favre and Silborman. 


The change from the state of liquid to the state of vapour being accompanied, at the pressures 

most employed, by a considerable increase of volume, the term in the general formula 

772 

BO B 

TOi + > which represents the latent heat of vaporization, becomes appreciable. The term 

represents the heat employed in overcoming the attractions of the particles, by which they are 
entirely removed from attractive influence on each other ; this constitutes the principal part of the 

latent heat. While the term represents the work of overcoming the external pressure in uidts 

PXJ 

of heat, and may be represented by , P representing the external pressure, and U tlie increase 

772 

of volume which the liquid undergoes in expanding to the vaporous form ; so that if L represents 
the total latent heat, we may represent this by 

T _ B PU 
772 772 ’ 


or 


L=:R + PU 


772 


B representing the units of heat corresponding to • 


The latent heat of vaporization of water for different temperatures or pressures, to about 
375® F., was determined by Regnault, in a series of experiments. Rankine gives the following 
empirical formula, based on that of Regnault,whioh represents the results of his experiments ; — 

L = 1091*7 - 0*695 (t — 32®) - 0*000000103 (t - S9*l®)», 
or, approximately for technical applications, 

L = 1092 - 0*7 (t - 32®) 

= 966 - 0*7 it - 212®). 

From this formula it is apparent that the latent heat of evaporation, for water, diminishes with 
the temperature above 212®. 

TTie total heat necessary to transform 1 lb. of water, from the liquid condition at the melting 
point of ice, to the oondiuon of saturated vapour or steam at the temperature f, may now be 
estimated. This is called tho total heat of vaporization, and represents the sum of the heat which 
is required to heat the water from the temperature 32® to the temperature t, and the heat which 
disappears as latent heat. By algebraic symbols the sum is evidently expressed as follows ,* — 

Q = c (t — 32®) + L =r g + L, 

0 being the mean specific heat of water between the limits of temperature, and L the latent heat of 
vanoriasation at the higher temperature. 
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The results of Regnault^s experiments, already referred to, led him io the discovery, that the 
total heat of the vapour of water from the temperature of melting ice, increases at a uniform rate as 
the temperature rises. 

Begnault's formula by which this law is expressed is as follows ; — 

Q= 606*5 + 0*305 1, 

Q being the total heat in calories, and i being expressed in Centigrade degrees. 

The equivalent English formula is 

Q = 1091 *7 + 0*305 (t — 32°). 

The expression for the total heat of vaporization is 

Q = g + L, 


from which we have L = Q — g ; 

that is, the latent heat of vaporization is equal to the total heat, diminished by the quantity of heat 
necessary to raise the temperature of the liquid, from the melting point of ice to the final tempera- 
ture of evapoiation. 

In pn\ctice, the specific heat of liquid water may often be re^rded as unity, and q for 1 lb. of 
water will then be represented by 1 X (^, — 0» (^i 0 the difi’erence of temperatures. 

The above fonnula for the total heat, gives the total heat necessary to raise tlie temperature of 
1 lb. of water from 32° to any temperature, and evaporate it at that temperature. Water is not 
usually obtained in industrial processes at so low a temperature as 32°, and is often heated, by 
what would otherwise be waste heat, to a temperature as high as possible, before its introduction 
to the evaporating vessel. 

If from the total heat as given above by the formula 

Q = 1091*7 + 0*305 (^ — 32°J 

we subtract the heat necessary to raise 1 lb. of water from 32° to the temperature of the feed- 
water ^ 1 , wc shall have the total heat required to raise the water from the temporaturo to t, and 
evaporate it at t° F. 

Q = 1091*7 + 0*305 (t - 32) — c — 32), 

c being the mean specific heat of water between 32° and tj, or, approximately, c being 1, the formula 
may be written— 

Q = 1092 + *3 (« - 32) - - 32). 


In experiments to determine the evaporative powers of given kinds of fuel, or of given boilera 
for the purposes of comparison, it is nccehsary to refer all such experiments to the same standard 
conditions ; and it is usual to sdect the condition of water supplied to a boiler at 212° F. and 
evaporated at that temperature ; at which the number of units of heat necessary for each pound is 
960. If the water is actually supplied at a lower temperature, and evajx>rated at a higher tem- 
perature, the quantity of water which would have been evaporated under the standard conditions 
of temperature, that is from and at 212°, by the same quantity of fuel burned, may be found by a 
simple proportion, thus ; 

Let W| be the weight of water actually evaporated at the higher temperature by the total heat 
Q, found by the above formula, and X the quantity which would have been evaporated if the water 
had been supplied and evaporated at 212°. Then we shall have, evidently, 


and 


X 966 = W, 
X = w, 


Qi 

900 


The following formula for the factor for any temperature of tho feed -water and any other 

yoti 

temperature t of the evaporating point, is given by Bankine ; — 


F = I + 0*3 


it - 212 °) + (212 - <,) 
966 ' 


When dry saturated steam is superheated, it is evident, from what precedes, that the additional 
quantity of heat necessary to raise the temperature of 1 lb. of the steam 1° will depend on the specific 
heat of steam. This, as determined by Begnault, is 0*475, and to heat saturated steam from the 
temperature its boiling point, under a given pressure, to a temperature under the same constant 
pressure, will be 0*475 (t, — t). 

So that the total heat of superheated steam may be found by the formula 
Q = 1091 *7 + 0*305 (t — 82) + 0*475 - <). 

The total quantity of heat in English units, necessary to raise the temperature of 1 lb. of water 
from 82° to a given temperature, ana evaporate it at that temperature, has been ^ven in the form 
Q = g + «, from which we have « = Q — g, in which g represents the quantity of heat requir^ to 
raise the temperature of the liquid from 32° to the given temperature, and z the quantity/ieoessary 
to evaporate it at that temperature, or the latent heat of vaporization. It has been also stated that 
the quantity z is really composed of two terms, in which B represents that jm^ of the latent heat 
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which arises &om the work of the heat in oyercoming completely the molecular attractions, and 

that part which arises from the work performed in the expansion of the volume of the liquid 

to the volume of the liquid and its vapour ; the increase of volume being represented by U and the 
external pressure by P. The total quantity of heat required to raise 1 lb. of water from 32^ to any 
temperature, and evaporate it at that temperature, will then be expressed by 


Q = g + B + 


PU 
772 • 


In this expression q may be said to be the quantity of heat contained in the water at the tem- 
perature of vaporization, B the quantity of h()at contained in the vapour, and — a quantity of 

11 A 

heat which has been converted into external work. 

The separation of the latent heat of vaporization into its two parts, and the determination of the 
values of these parts, is due to Zeuner, who calls the quantity q the heat of the liquid, the quantity 

U 

B the internal latent heat, and the quantity the external latent heat. 

P U P XJ 

If from the total quantity of beat Q, we subtract , we shall have J = Q — , which is 

designated by Zeuner the heat of the vapour. Its value indicates the excess in units of heat of 
the heat, contained in unit of weight of the vapour, over the heat contained iu the unit of weight 
of the liquid at 32^ F. from which it was produced. 

PU 

The heat of the vapour J and the internal latent heat B = L — are independent of the 

11 A 

mode of evaporation, while in employing the total heat of vaporization Q, and the latent heat of 
evaporizution L in the ordinary mode, it is necessary to suppose that the evaporation takes place 
under cousiant pressure. 

The quantities J and B are related to each other according to the last two expressions by the 
formula 

g = J — « B, 


because we have from these expressions 
and from a preceding formula 


J - B = Q - L, 
7 = Q — L. 


The quantity ‘jr— in the preceding formulas might be calculated from the fonnula of Mariotte 

and Gay>Lussac : P U = 11 T for any temperature U or any absolute temperature T, if vapours 
were strictly subject to the law of perfect gases ; but as this formula caunot be applied, Zeuner 

employs another, based on the dynamic theory of heat, by which the value of is found, and in 

77 a 

which the values of L are taken from the experiments of Begnault. 

The values of tiiis term having been found fur different pressures and temperatures, if these 
be subtracted from L, the results will give the corresponding values of li. 

TJie quantity of heat contained in a mixture of liquid and vapour, whether the liquid be mechani- 
cally suspended in the form of minute drops, constituting wet steam, or remain in a mass at the 
bottom of the vessel, may bo found, if the relative quantities can be determinoil. If X be the 
weight of vapour in 1 lb. of the mixture, the quantity of heat in the liquid at the temperature of 
vaporization will evidently l)e <7, and B being the latent internal heat of 1 lb, of vapour, XK will 
be the latent internal heat of tlie quantity of vapour X ; hence the total heat in the mixture will be 

Q, = q + RX, 


the quantities q and B being found from the table. 

The usual method of determining the total heat of wet steam has been, to regard the total latent 
heat of the vapour os contained in the steam, and to employ tlie formula 

Qj = N ^ + Ni L = N G - 32^') + [1091*7 + 0*305 (t - 32*")], 

N being the number of lb. of water, and Nj the number of lb. of vapour in the mixture ; the 
specific heat of water being 1, and the initial temperature being 32*". 

The differenoe between this formula and the lost, from which we have 

(N + N,) = (N + NO {q + BX), 

being that the internal latent heat of the vapour, only, is considered, N + being the total weight 
of liquid and vapour. 

The values of Q = 4- B 4- found from tables of the properties of saturated steam, con- 

7 /2 

form to the law of Begnault, that the total heat increases uniformly as the temperature rises. 

The amount of this increase is small even for a great range of temperature. For instance, the 
total heat necessary to raise a pound of water from 32^ to 212*", and evaporate it at that temperature, 
is 1146*6 units of heat ; and the quantity necessRiy to raise the same amount of water from 32® 
to 329*5® F. corresponding to 7 atmospheres, anu evaporate it at that temperature, is only 
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1182*47, or 85*9 additional oniU of heat; less than * part of the latent heat of evapomtion of 
I lb. of water at 212^. 

The values of the latent heat of evaporation, may 
perature, by adding together the corresponding values of 

The term density refers to the degree of approximation of the molecules of a body to each other. 
It becomes specific when it refers to the number of molecules or atoms in a unit of volume of a 
given substance, this unit being a standard for all boilies. In English measuies, 1 cub. ft. is the 
standard unit of volume, and the weight of 1 cub. ft. of a substance in any condition, is tlie specific 
weight of that substance in that condition. It is usual to express specific weights iu terms of the 
weight of a unit of volume of a standard substance, the latter weight being taken as unity. Water 
is the general standard for specific weights, but for gases and vapours air is also taken as a standard, 
the weight of 1 cub. ft. of air being unity. 

Table XIV. shows the relative densities at 32° F., and one atmosphere pressure, of some of the 
leases commonly met with : — 


be found, for any given pressure or tem- 

_ , PU 

Eand^. 


Table XIV. — Relative Densities of Oases. 


Air 1-00000 

Nitrogen 0-97137 

Hydrogen 0 • 06926 

Oxygen 1 • 10563 

Carl^nic acid 1 - 52901 


Water 1- 00000 

Air 0-0012932 

Nitrogen 0-001 2562 

Hydrogen 0-0000896 

Oxygen 0 - 0014298 

Carl^nic acid 0*0019774 


Table XV. gives the weights of 1 cub. ft. of each of the same substances in pounds avoirdupois, 
under the same conditions, namely, at 32° F. and one atmosphere pressure, except for water, 
which is taken at 39*1° F. ; — 


Table XV. — Weight in Pounds Avoirdupois op 1 Cub. Ft. 


Water 62*425 

Air 0-08073 

Nitrogen .. 0*07860 

Hydrogen 0 * 00559 


Oxygen 0*08926 

Carbonic acid 0*12344 

Steam O' 0502 


The density of a perfect gas, at any other pressure and temperature, may bo found from tlie law 
of Mariotte and Gay*Lu8sac. 

In the expression 

P V = BT 


V may be taken as the volume of unit of weight or specific volume, and if d represent the weight of 

unit of volume or specific weight, we shall have V D = I and V = I 

hence 

| = ET. 

p 

and for any other pressure and temperature — * = R T,. 

From these two equations we obtain by division 

Z. El - L 

p« D “T/ 


and 


P T 


The density here considered, being the specific weight, or weight of a unit of volume, may bo 
found in the above table, headed weight in pounds avoirdupois of 1 cub. ft., for any perfect gas 
mentioned in the table. 

The specific volume of a gas is the volume of unit of weight. In English measures 1 lb. avoir- 
dupois is the unit of weight, and to obtain the specific volume wo have V = ~ the reciprocal of the 
specific weight. 

Specific volumes, or volumes of 1 lb, of each of the substances named, ore given below in cub. ft, 
for 32° F. and one atmosphere ; — 


Air., .. 

Nitrogen 

Hydrogen 


12-3870 

12-7226 

178*8909 


Oxygen.. .. 
CarTOnio acid 
Steam .. 


11*2032 

8*1011 

19-9203 


If saturated vapours could be treated as perfect gases, the preceding formulas for determining 
ttie spwific volumes and specific weights of the vapour of water might be employed, in which, for 
English metres, P is the pressure in pounds per sq. ft, V the volume of 1 lb. ; R is awnstant 
equal to 85*766, and T the absolute temperature. The constant 85*766 is derived from the oorre- 
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sponding value of It for air, on the supposition that the weight of 1 oub. ft. of saturated steam is 
O' 622 that of air at the same temperature and pressure. 

From the above formula we have for saturated steam — 


PV = 85*766 X T; 


V* 


85*766 X T 
P * 


1 _ ^ 

V 85-766 XT' 


Let it be required, for instance, to determine the volume of 1 lb. of saturated steam at a 
pressure of 6 atmospheres. This pressure corresponds to a ten^rature F. of 318*6, and the corre- 
sponding absolute temperature will be 459*4 + 318 *6 = 778® F. Six atmospheres pressure is 
12700*8 lb. a square foot, and the formula becomes, for the specific volume. 


and for the specific weight. 


V = 


85*766 X 778 
12700*8 


= 5*253 cub. ft.» 


_ 12700*8 

^ 85*766 X 778 


0*1903 lb. 


It has been remarked, however, that for saturated vapours, tho law of Mariotte is strictly appli- 
cable. only on the supposition that the vapour is in the superheated condition. • 

In order that this law may be applicable, it is necessary that the specific weight of vapour shall 
bear a constant ratio to that of air at the same pressure and temperature. This ratio, as deter- 
mined by EeginiuU for saturated steam, is 0*622. The following gives the ratios of the weights 
of unit of volume of the vapour of water, relative to air, for increasing pressures, as determined 
by Zeuner theoretically ; — 

Density of vapour Density of vapour 

relative to air. relative to air. 


0*1 

0*5 

1 


0*621 

0*683 

0*640 


2 

5 

10 


0*648 

0*662 

0*676 


From this table it will be seen that it is only nt very low pressures that the law of Mariotte and 
Gny-Lussac will apply to saturated vapours. For pressures such as are ordinarily employed in the 
steam engine the lew does not apply. 

A knowledge of the specific volumes and spocific weights of saturated vapours, especially of the 
vapour of water, is of great importance, in technical applications, for the pressures and temperatures 
usually employed, and those have been already treated of in this Dictionary. 

Chemical action, when accompanied by the development of light and heat, is usually called 
combustion. Inflammation denotes that kind of combustion in which the products are gaseous, and 
flame is produced. Ignition is simply the incandescence of a body unattended by chemical change. 
The phenomena of heat being thoso of rapid molecular motions, the heat and light developed by 
combustion must indicate an increased molecular movement in the particles of bodies, when com- 
bustion takes place, proixirtional to the amount of force of the chemical attractions. The heat of 
combustion may, therefore, be rationally ex])lained, by saying that intense and violent increase of 
motion in the particles of the compound is produced by the chemical attractions. Ordinary com- 
bustion consists in the combination of oxygen with various substances ; the temperature required 
being diflerent for different substances, and varying for the same substance with the rapidity of 
the combustion. Phosphorus combines slowly with oxygen at 77® F. ; charcoal burns slowly, but 
docs not ignite, below a red heat ; sulphur burns in air at about 550® F. 

But most elementary substances require to be heated to redness before combustion in oxygen or 
the air takes place. According to Poclet, solids omit light, or become dull red, at about 750® F. 

Compression of air does not appear to facilitate combustion, unless tho combustion takes place 
rapidly, and is consequently attended with considerable evolution of heat. 

Most substances burn with great rapidity when in a finely divide<l state. Fine dust of many 
substances burns in this manner with a rapidity, which in a closed space, may give rise to such a 
degree of pressure from the expansion of the gases, as to produce phenomena like explosions. A 
single spftrk may thus produce instantaneous combustion. 

Porous substances often absorb and cond^mse air within their pores ; oxidation begins, oocom- 
peuiiod by an elevation of temperature, which accelerates the oxidation until the process produces 
spontaneous combustion. Charcoul powder, masses of tow, cotton, or rags, saturated with oil, 
sawdust mixed with cil, moist hay, and other substances in similar conditions, have thus been 
known to burst into flame. 

Wood does not take fire in oxygen gas, according to Thdnard, at temperatures below about 
600® F., but if it be long exposed to a high temperature, even lower than this, in air, it may become 

S artially charred, and rendered so inflammable as to favour the conditions of spontaneous com- 
ustion. Charcoal fi*om wood made at a temperature of 480® F. takes fire in air when heated to 
about 650® F. 

Ordiuary combustion is accompanied usually by incandescence and flame. If a solid burns 
without flame, the heat evolved at tho surface of contact of the air causes an elevation of tempera- 
ture of the residual solid particles, which gives rise to a glow, or incandescence, the colour and 
intensity of the light being dependent on the temperature. Dull red indicates the lowest tempe- 
rature at which light appears, and dazzling white the highest degree of heat; between those 
extremes the light passes from dull red, or oUerrjr red, to bright red, dull white, then to a yellowish 
and finally to a bluish white, and a full or dazzling white. 

If the combustible is gaseous, the combination with oxygon may be instantaneous, producing by 
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the violent oononsaion of the air an explosion; bnt in order that this may take plaee, tho 
combustible gas must be mixed uniformly in the proper proportions, and then heated to the 
burning point. A similar effect takes place when a solid, such as sulphur or charcoal, is 
mixed witli a nitrate or other solid which gives up its oxygen readily. In both oases it is 
only necessary that the temperature bo raised to ignition at one point by friction, percussion, 
or the contact of a hot body, the action being then propagated instantaneously throughout the 
whole mass. 

When the combustion is gradual, the contact of the combustible gas with oxygen, or the air, 
takes place usually at the bounding surface of the gas ; as, for instance, when a jet of gas issues 
from an orifice, or when a column of gas rises from the wick of a candle. Tlie inner mass of the 
combustible gas does not ignite at first, and the ignited surface assumes the form of a hollow 
cylinder or cone. 

The brightness and colour of such a flame dej^nd not only on the degree of temperature, but 
upon the presence of solid incandescent particles in tho flame. Tliese solid particles arise some- 
times from the compound pi-oduced by the combination, but in ordinary forma of combustion of fuel 
they are particles of carbon. Hydrogen gas, carbonic oxide, alcohol, aud sometimes coal-gas bum 
thus with a dull flame. 

A bright flame is produced by compounds which contain carbon, from which a portion of the 
carbon becomes separated by the heat produced, the separated particles being first heated to incan- 
descence, and afterwards burned by contact with the air. If the quantity of air supplied is not 
sufficient, these solid particles may become cooled and form soot. The visible part of smoke is this 
soot cxx)l^ btdow red heat. Marsh gas, olefiant gns, ether, volatile oils, resins, and fats, when 
burned give oflf carlton in this manner, and may form bright flames, or produce, if tlio separated 
particles are not till burned, soot, or smoke. A purely gaseous substance (Iocs not become luminous 
at any degree of temperature however high, luminosity being caused by particles of incandescent 
solids in the gas. 

Tho combustible ingredients of ordinary fuel, and of the liquids and gases usually employed for 
the generation of heat, are carbon and hydrogen. Those substances combine readily with oxygen, 
the former producing by the combination carlx)nio acid, or carbonic oxid»r, and tho latter water. 
The oxygen required is usually supplied by tho atmosphere, which contains about one-fifth of its 
weight of this substance. 

As a genera] rule, nil chemical combinations produce heat, while chemical decompositions enuso 
a disappearance of heat. In the combination of two simple isolated elements heat is evolved only, 
but where the combination is effected through tho simultaneous decomposition of compouml sub- 
stances, the heat evolved is tho resultant of that which is produced by tho combination of tho 
combustible elements, and that which disappears through the decompositions. 

In compounds containing oxygen aQ<l hydrogen in the proper proportions to form water, the 
surplus hydrogen only contributes to the development of heat when combustion takes place. 

These elements combine to form water in the proportion by weight of one part of hydrogen to 
eight parts of oxygen, and by volume, one of hydrogen to one-half of oxygen. 

Carbon unites with oxygen in two proportions, namely, to form carbonic acid, six parts of 
carbon to sixteen of oxygen by weight, and to form carbonic oxide, six of carbon to eight of oxygen. 
Carbonic oxide is a highly combustible gas, taking up when exposed to air or oxygen at the proper 
tempemture eight additional parts, or one equivalent of oxygen to form carl)onio acid. 

Carbon completely burned thus produces carbonic acid and satisfies the conditions of perfect 
combustion. Imperfectly burned, the result usually of a deficiency of air, it produces oarl^uic 
oxide. 

Air is composed of oxygen and nitrogen. Ordinary atmosplieric air contains also, mochnuically, 
watery vapour, and carbonic acid in small quantities. Of those elements the oxygen alone is the 
active agent of combustion. 

Pure dry air contains oxygen and nitrogen in tho proportion by weight of — 

Oxygen 0-23C 

Kitrogen 0‘7(J4 

1 000 

.. 0*213 

.. 0-787 

1000 

The weight of a given quantity of nir is thus 4*25 times the weight of oxygen it contains, and 
1*31 times the weight of nitrogen. The volume of a given quantity of air is 4*69 times the 
volume of oxygen it contains, and 1*27 times tho volume of nitrogen. 

1 lb. of carbon, to form carbmjio acid, unites with 2 *66 lb. (»f oxygen, tho resultant weight being 
8*66 lb. of carbonic a»-id. This r^nires 11*3 lb. of air, and produces after combu8tionri2*8 lb. 
Since 1 lb. of air occupies at 32° F. and at the ordinary pressure 14*7 lb. a sq. in., 12-39 cub. ft.* 
it follows that 1 lb. of carbon requires for its combustion, approximately, 12*39 x 11*3 s 140 
cub. ft. of air. 

1 lb. of carbon, to form carbonic oxide, unites with 1*83 lb. of oxygen, making 2 83 lb. of 
carbonic oxide. This requires 5 * 65 lb., or about 70 cub. ft., of air at ordinary temperatures and 
pressures. 

1 lb. of hydrogen, to form water, requires 8 lb. of oxygen, the resultant being 9 lb. of wafer. 
This requires, when the combustion is in air, 83-97 lb., or 420*0 cub. ft. of air, and t&e total 
weight after combustion is 84 -97 lb. aau wie w«ii 


and by volume — 


Oxygen 

Kitrogen 
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1 lb. of light oarbnretied hydrogen, or marsh gas, to form carbonic acid and water, requires 
4 lb. of oxygen, the resultant being 5 lb. of carbonic acid and water, in the proportion of 1 water 
to 2*44 canxmio acid. For this combustion, 17 lb., or approximately 210*0 cub. ft. of air are 
required, making 18 lb. of gas and watc^ry vapour after combustion. 

For burning 1 lb. of oleflant gas, 3*43 lb. of oxygen are required, making 4 *48 lb. of carbonic 
acid and water ; the volume of air i^^uired being approximately 170 cub. ft. 

The following Table XVI. gives the atomic formulas, the chemical equivalents, the weight of 
oxygen, and the weight of the products of combustion in oxygen of the substances named ; — 

Table XVI. — Atomic Formulas, Chemical Equivalents, and Products op Combustion. 


Nome of Com- 
bustible. 

Atomic 

Formula. 

Chemi- 

cal 

Kquivar 

lent. 

Products of Com- 
bustion. 

Atomic 

Fonnula. 

Chemi- 

cal 

Equiva- 

lent. 

Weight of 
Fixed 
Oxygen. 

Weight of 
Oxygen 
a lb. of 
Combus- 
tible. 

Weight 
of Pro- 
ducts of 
Combus- 
tion in 
Oxygen. 

Carbon .. 

c 

6 

Carbonic acid 

CO* 

22 

16 

2*66 

3-66 

Carbon . . 

0 

6 

Carbonic oxide 

CO 

14 

8 

1*33 

2-33 

Carb, oxido .. 

CO 

14 

^ Carbonic acid 

CO* 

22 

8 

0*57 

1-57 

Hydrogen 

H 

1 

Water 

HO 

9 

8 

8*00 


Marsh gas . . 

C*H* 

16 

Carbonic acid 

2CO* 

44 



- 



1 

Water 

4HO 


64 



Olefiant gas 

C'H^ 

28 

Carbonic acid 

4CO* 

88 







Water 

4HO 


96 

3*43 

4*43 


When the combustion takes place in air, the weight of the products of combustion depends on 
the quantity of air required iii each case. Table XVII. gives a recapitulation of the statements 
already made in general terms for the combustion of 1 lb. of the different substances ; — 

Table XVII. — ^Products of Combustion op 1 lb. in Air. 


Name of Com- 
bustible. 

Products of Combustion. 

Weight of 
fixed Oxy- 
gen in lb. 

Weight of 
the Products 
of Combu*^- 
tion in Oxy- 
gen in lb. 

Weight of 
Air corre- 
sponding in 
lb. 

Weight of 
Products of 
Combustion 
in Air in lb. 

Carbon . . 

Carbonic acid 

2*66 

3*66 

ii*:9 

12*29 

Carbon . . 

Carbonic oxido 

1*33 

2*33 

5*65 

6*65 

Carbonic oxide 

Carbonic acid 

0*57 

1*57 

2*42 

3 42 

Hydrogen 

Water 

8*00 

9*00 

33*97 

84*97 

Marsh gas 

Carbonic acid and water . . I 

4*00 

5*00 

16*99 

17*99 

Olefiant gas . . 

Carbonic acid and water . . 

3*43 

4*43 

14*57 

15*57 


Most of the substances involved in ordinary comlmstion are found only in the gaseous state, 
and at the moment of combination it is supposed that all, even carbon, become gaseous. It is 
hence convenient, and often necessary, to know the proportions by volume in which combinations 
take place. 

Table XVIII. exhibits the products of combustion of one volume, 1 cub. ft., of each of the com- 
bustibles named, and also in exact figures the number of cub. ft of air necessary to burn 1 lb. of 
each of the substances to form the products specified ; — 


Table XVIII. — Air required pop Combustion, and Results, by Volume. 


Name of Com- 
bustible. 

Composi- 
tion by 
Volume of 
one 

Volume. 

Composition 
by Volume 
'of Products 
of Combustion. 

Total 
Volume 
of Pro- 
ducts of 
Combus- 
tion In Air. 

Volume of 
Air required 
to bum 1 lb. 
of Combus- 
Ublc in 
cub. ft. 

Volume 
of Air 
Corre- 
sponding. 

Volume 
of fixed 
Oxygen, 

Volume 
of the 
Pro- 
ducts of 
Combus- 
tion. 

Carbon . . 

c 

2(10 + 0) 

137*50 

137*50 

9*39 


2 

Carbon . . 

0 

2(iC + iO) 

83*28 

68*66 

4*69 

10 

2 

Carl), oxido 

JO-hiO 

1 (iO + O) 

36*14 

29*80 

2*35 


1 

Hydrogen 

H 

1 (fa + iO) 

609*1 

419*7 

2*35 


1 

Marsh gas 

iO + 2H 

1 (40 + O) 








2 (fa + iO) 

228*3 

206*4 

9*39 

2'0 

8 

Olefiant gas 

C-f 2H 

2(40+0) 








2 (fa + 40 ) 

188-5 

176*0 

14*08 

8*0 

4 
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The last oolamn shows the total volome of the gaseous modaots of oombustiozv. in air. The 
numbers in this oolumn are found in the following manner ; — Vor tlie combustion to form carbonic 
acid, 2 cub. ft. of oxygen combine with 1 cub. it. of carbon to form 2 cub. ft. of carbonic acid. The 
volume of the carbonic acid after the combustion will be the same as the volume of the 6xed 
oxygen, and after the combustion, the volume of the products remains the same as the volume of 
air required for combustion. 

In the combustion of carbon to form carbonic oxide, however, it will be observed that for each 
cub. ft. of oxygen used, 2 cub. ft. of carbonic oxide are produced. The amount of air necessary 
to bum 1 lb. of carbon to form carbonic oxide is given in the table 68*66 cub. ft., which contains 
68*66 

j r= 14*62 cub. ft. of oxygen. Each cub. ft. of oxygen with the carbon forms 2 cub. ft. of 

carl^nio oxide ; so that if we add 1 cub. ft. for each cub. ft. of oxygen to the amount of air required, 
68*66 cub. ft., wo shall obtain the total gaseous product, 83*28 cub. ft. 

In the combustion of hydrogen the same ratio is observed. In the combustion of marsh gas 
1 cub. ft. is to be added for every two cub. ft. of oxygen ; and for olefiant gas, 1 cub. ft. for every 
3 cub. ft. of oxygen. 

These tables are valuable in determining the quantity of gea that is discharged from furnaces, 
and also in the discussion of problems relating to draught, and the quantity of heat transferred to 
water in the generation of steam. 

In regard to the vapour of water, if it is cooled to the point of condensation, its volume will 
practically disappear from the volume of products of combustion, causing a considerable redaction 
of volume in the case of the hydrocarbons, and making the volume of the gaseous products even 
less than that of the air introduced. 

An important consequence of the dynamic law of heat, and one which has been experimentally 
verified, is, that all chemical changes are accompanied by corresponding changes of heat. Chemical 
actions and heat are mutually convertible; and although the quantity of heat evolved, or dis- 
persed, in any chemical change, can only bo experimentally determined, yet it has been established 
that the combination of any two bodies, chemically, is attended by tho evolution of a quantity of 
heat equal to that which disappears in their senf^tiou. 

The quantities of heat evolved or disengaged in chemical combinations are found experimentally 
by means of calorimeters. These measurers of heat are employed in various forms, and operate, 
generally, in such a manner as to exhibit tho effects of the heat evolved in acting on a given sub- 
stance, such as the melting of ice or the raising of the temperature of a given quantity of water ; 
the quantities of heat being thus indirectly measured, by being transferred to some body in which 
these effects can be estimated in units of heat. 

Table XIX. gives in English units, the quantities of heat disengaged by the combustion of the 
bodies named by oxygen ; — 

Table XIX. — Heat Disengaoed. 


Names of Combustibles. 

Heat evolved by the Combus- 
tion of 1 lb. of Combustible. 

Names of Observers. 

Hydrogen 

62*000 

Favre and Silberman. 

Carbon 

14*544 

99 

Graphite 

14*035 

99 

Native sulphnr 

3*966 

»♦ 

Carbon to carbonic oxide . . 

4-406 


Carbonic oxide to Carbonic acid 

4*325 


Marsh gas 

23-513 

f* 

Olefiant gas 

21-344 

9} 

Turpentine 

19-533 

99 

Alcohol 

12-931 


Ether 

16-250 


Spermaceti 

18-616 

9* 

Anthracite (Pennsylvania) 

14-114 (calculated) 

Morin and Trcsca. 

„ (Mayeune) 

1 15-689 

99 

Bituminous coal 

14-400 

ft 

Lignites 

12*240 

99 

Peat 

9*000 „ 

99 

Peat, 20 per cent, water . . 

7*200 ., 

9* 

(Joke 

12*600 „ 

99 

Dry wood 

7*200 „ 

tf 

Wood containing 20 percent water 
Ordinary illuminating gas 

6*600 „ 

18*000 „ 

99 

99 

Gas from iron furnaces .. 

1*620 

tf 

Petroleum 

21*000 „ 

■ »♦ 


In til is manner the heat evolved in the combination of both simple and compound bodies 
has been det(Tmined by many observers, especial authority bedng given to those of Favre and 
8iU>erman. In the changes which compound bodies undergo, it may be stated, as a general 
law, that the heat which apjiears or disappem is the resultant of the action of the simple dements, 
and where a compound consists of combustible elements oulYt carlx>n and hydrogen, the beM 
disengaged, is the sum of the quantities of heat disengaged by the combustion of tho ‘ 







HOSSB-POWER, 


787 


aeparatelj. This law, though not indiaputably established, is considered sufficiently exact for all 
ormnary purposes. The temperature at which bodies combine, although aiF<^ting the rapidity or 
energy of chemical action, does not affect the total quantities of heat involved in the change. 

iSe Boiler. Foundino. Pyrometer. 

List of Books on Heat^ — Tyndall, John, ^Heat a Mode of Motion,' sixth edition, cr. 8vo, London, 
1880. diausius, E., * The Mechanical Theory of Heat,’ translated by W. E. Browne, 8vo, London, 
1879. Baynes, Eobert E., ‘ Lessons on Thermodynamics, cr. 8vo, Oxford, 1878. Box, Thomas, 

* A Practical Treatise on Heat as applied to the Useful Arts,’ second edition, cr. 8vo, London, 
1876. Trowbridge, William P., ‘ Heat as a Somrce of Power,' 8vo, New York, 1874. McCulloch, 
E. S., * Treatise on the Mechanical Theory of Heat, 8vo, New York, 1876. Fourier, Joseph, * The 
Analytical Theory of Heat,’ translated by A. Freeman, 8vo, Cambridge, 1878. Maxwell, J. Clerk, 

* Theory of Heat,’ fifth edition, cr, 8vo, London, 1877. 

HOBSE-POWER (H.P.). ,, . . . 'N, 

The unit of work consists of one pound weight raised one foot high, without specifying the time 
in which such work is done ; but for purposes of calculation in connection with steam engines, the 
time occupied in raising one pound one foot high requires to be included, and so the unit for 
power becomes one pound raised one foot in one minute. But as such an amount is in general 
inconveniently small for engines of any size, the standard power usually adopted in practical 
mechanics is that which is called a horse-power. 

Engineers of the last gcneratioTi, with whom human and animal labour was an important oon-^-v 
sideration as a source of motive power, devott‘d considerable care to experiments as to tho best 
inodes of applying it, and tho quantity of power developed. Tlie main result of their deductions 
was, that in moving machinery the power of a horse was on the average equivalent to raising one 
pound 33,000 feet in one minute, or raising 33,000 lb. one foot high in a inintite, and since that 
period the figure of 33,000 lb. has been taken ns a standard for liorse-power, tJiough it is undoubtedly 
a high one. This standard is generally accepted, and there is no cause why it should not be 
universally employed, except that it does not fit acouratedy with tho empirical metrical system, so 
the French horse-power has been made equal to 32,549 lb. raised one foot high in a minute, not 
apparently because that is any more accurate than the English standard, but because it is a convenient ^ 
round numlier expressing 450 kilogrammotres a minute. ^ 

Horse-power is commonly associated with three qualifications, namely, indicated horst*-power,>^ 
effective horse-power, and nominal horse-power. 

ludicahid horse-power is ascertained by a knowledge of the average steam pressure in pounds \ 
upon each square inch of a piston. This is then multiplied by the area in square inches to give the j 
total impelling pressure in pounds. This total is multiplied by the velocity of the piston in feet ay 
minute, and finally divided by 33,000 to convert tlic expression of units of work, pounds raised one^ 
foot high in a minute, into tlio more manageable figures of horse-power. ~ \ 

Thus whatever power is actually produced by steam pressure in a cylinder becomes known, and\ 
forms a tolerably accurate standard by which the performance of an engine may be tested. : 

Average pressure is measured by the steam engine indicator, but when an engine is doing work, 
and when running empty or driving shafting. By taking indicator diagrains under both circum- 
stances, it can be ascertained how much power has been consumed in driving tho engine and_; 
shahing, and how much remains to bo usefully expended. .... i > 

The latter amount is called effeotivo horse-power, and its proportion in relation to the whole ^ 
power varies according to circiunstanoes, but may be taken as about 5 per cent, of the indicated ' 
horse-power when not easily ascertainable. 

** Nominal horse-power ” is purely a commercial name, and has no defined or generally acknow- 
ledged meaning. It is a term giving an approximate idea of the diameter of an engine cylinder, 
wliioli would be much more reasonably expressed in inches. Such as it is, however, the old standard 
takes a mean pressure of 7 lb, on the square inch, and a piston velocity of 220 feet a iiiinuto^ for 
low-pressure engines ; and, so far as a c>omparison of the smaller commercial high-pressure engines 
may be a guide, an amount of 10 circular itiches seems generally the average one allowed for each 
horse-power. This, for example, makes a 10-inch cylinder to be called 10 horse- powOT, and a 
12-inch cylinder 14 horse-power. These figures <lo not apply for larger sizes, and each engine 
if well and strongly made will give far higher results than their nominal horse-power implie s. 

Tho elements really entering into the number of horse-power which any engine will develop arc, 
the average effective steam pressure, and the velocity of the jnston. 

Thus one engine may bo so well and strongly constructed as to work with \ ery high pressure 
steam, and give out twice as much power as another of the common type, while both, 
diameters of their cylinders are concerned, are called of the same nominal horse-power. Tlds loose 
term ought properly to be abolished from an exact science such as enginee ring has now become, 
and while its earlier signification has passed away, no new meaning has been defined and generally 
ackno wl ed ged « 

The indicated horse-power of an engine may be found by tho formula 


H.P. = 


7? X g X/, 


where H.P. is the indicated horse-power ; p, average pressure on its piston in pounds a square inch ; 
rt, area of piston in square inches ; /, feet travelled in a minute. , ^ ^ i. ^ 

It is easy to notice, that if for any diameter of cylinder ond speed of piston tlmre he obtaineu an 
amount, giving the horse-power at an average pressure of 1 lb. a square^ inch, a table of sncii 
amounts witl facilitate calculations, as it would be only necessary to ascertain the average pressure 
from indicated diagrams, and multmly that amount by tJie unit of horse-iwwer for each pound 
prcMUro. Table L, given by Arthur Rigg, in his treatise upon the Steam Engine, has bwn prepared 
for this purpose, and it will readily supply any units of home-power, beyond what are actually given 
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for any other velocity of piston, multiplioation or division. For example, a piston of 12 in. 
diameter at 400 ft. a minute gives 1*366 norse-power for every pound average pressure on each 
square inch, and will give half or double this amount at speeds of 200 or 800 ft. a minute. 

Table I. — Ikdioated Hobse-fower for eaoh Pound Average Pressure on a Square Inch, 

WITH DIFFERENT DIAMETERS AND SPEEDS OF PiSTONB (BiGG). 


Difuneterl SPEED OF PISTON IN FEET A MINUTE. 


OI 

Cylinder . 

1 240 

300 

350 

400 

450 

600 

560 

600 

650 

750 

inches 

4 

•091 

•114 

•133 

•152 

-171 

•19 

•209 

•228 

•247 

•285 


•115 

•144 

•168 

•192 

•216 

•24 

•264 

*288 

•312 

•36 

5 

•144 

•18 

•21 

•24 

•27 

•30 

•38 

•36 

•89 

•45 


*173 

•216 

•252 

•288 

•324 

•36 

•896 

•482 

•468 

•54 

6 

•205 

•256 

•299 

•842 

•385 

•428 

•471 

•513 

•555 

•641 

6} 

•245 

•307 

•891 

•409 

•461 

•612 

•563 

•614 

•698 

•800 

7 

•279 

-348 

•408 

•406 

•524 

•583 

•641 

•699 

•756 

•874 

7 i 

•321 

•401 

•468 

•534 

•602 

•669 

•735 

•802 

•869 

1-002 

8 

; -365 

•456 

•532 

•608 

•685 

-761 

•837 

•912 

•989 

1*121 

8 J 

•413 

•516 

•602 

-688 

•774 

•86 

•946 

1-032 

1-118 

1-29 

9 

•4 C 2 

•577 

-674 

•770 

•866 

*963 

1*059 

1-154 

1-251 

1-444 

9 J 

•515 

•644 

•751 

•859 

•966 

1-074 

1-181 

1*288 

1-395 

1.610 

10 

•571 

•714 

•833 

-952 

1-071 

1-190 

1*809 

1-428 

1-547 

1-785 

10^ 

•63 

•787 

•919 

1-050 

1-181 

1-313 

1-444 

1-575 

1-706 

1-969 

11 

•691 

•864 

1-008 

1-152 

1*296 

1-44 

1-584 

1-728 

1-872 

2*160 

Hi 

•754 

•943 

1-1 

1-257 

1-414 

1-572 

1-729 

1-886 

2-043 

2-357 

12 

•820 

1-025 

1-195 

1-366 

1-540 

1-708 

1-880 

2-050 

2-222 

2-564 

13 

•964 

1-206 

1-407 

1-608 

1-809 

2-01 

2-211 

2-412 

2-613 

3-015 

14 

1119 

1-398 

1-631 

1-864 

2-097 

2-331 

2-564 

2-797 

3-029 

3-495 

15 

1285 

1-606 

1-873 

2-131 

2-409 

2-677 

2-945 

3-212 

3-479 

4-004 

1 C 

1-461 

1-827 

2-131 

2-436 

2-741 

3-045 

3-349 

8-654 

3-958 

4-567 

17 

1-643 

2-054 

2-396 

2-739 

3-081 

3-424 

3-766 

4-108 

4-450 

5-135 

18 

1-849 

2-312 

2-697 

3- 083 

3-468 

8-854 

4-230 

4*624 

5-009 

5*78 

19 

2 061 

2-577 

3-006 

3-436 

3-865 

4-295 

4-724 

5-154 

5-583 

6-442 

20 

2-292 

2-855 

3-331 

3-807 

4-285 

4-759 

5-234 

5-731 

6-186 

7-138 

21 

2-581 

3-148 

3-672 

4-197 

4-722 

5-247 

5-771 

6-296 

6-820 

7-869 

22 ■ 

2-764 

3-455 

4-031 

4-607 

5-183 

6-759 

6-334 

6-911 

1 7-486 

8*688 

23 1 

3-021 

3-776 

4-405 

5-035 

5-664 

1 6-294 

6-923 

7-552 

8-181 

9-44 

24 

3-289 

4111 

4-797 

5-482 

6-167 

6-853 

7-538 

8-223 

8-908 

10-279 

25 

3-569 

4-461 

5-105 

5-948 

6-692 

7-436 

8-179 

8-923 

9-566 

11-053 

26 

3-861 

' 4-826 

5-630 

6-435 

7-239 

8-044 

8*848 

9-652 

10-456 

12-065 

27 

4159 

, 5-199 

6-066 

6-932 

7-799 

8-666 

9-532 

10-899 

11-265 

12-998 

28 

4-477 

i 5-596 

6-529 

7-462 

8-395 

9-328 

10-261 

11-193 

12-125 

13-991 

29 

4-805 

i 6-006 

7-007 

8-008 

9 009 

10-01 

11-011 

12-012 

13*013 

15-015 

80 

5141 

1 6-426 

7-497 

8-568 

9-639 

10-71 

11-781 

12-852 

13-923 

16-065 

31 

5-486 

6-865 

8-001 

9-144 

10-287 

11*43 

12-573 

13-716 

14*866 

17-145 

32 

5-846 

7-308 

8-526 

9-744 

10-962 

12-18 

13*398 

14-616 

15-834 

18*270 

33 

6-216 

7-770 

9-065 

10-360 

11-655 

12-959 

14-245 

15-54 

16-835 

19-425 

34 

6-59 

8-238 

9-611 

10-984 

12-857 

13-73 

15-103 

16-476 

! 17-849 

20*559 

35 

6-993 

8-742 

10-199 

11-656 

13113 

14-57 

16-027 

17-484 

1 18-941 

21-855 

3 G 

7-401 

9-252 

10-794 

12-336 

13-878 

15-42 

16-962 

18-504 

20-046 

23-133 

37 

7-819 

9-774 

U 403 

18-032 

14-861 

16-29 

17-919 

19-548 

21-177 

24-435 

38 

8-246 

10-308 

12-026 

13-744 

15-462 

17-18 

18-898 

20-616 

22-834 

25-770 

39 

8-648 

10-86 

12-67 

14-48 

16-29 

18-1 

19*91 

21-62 

I 28-53 

27-15 

40 

9-139 

11-424 

13-328 

15-232 

17-186 

19-04 

20-944 

22-848 

24-752 

28-560 

41 

9-604 

12-006 

14 *,007 

16-008 

18-009 

20-00 

22-011 

24-012 

20-013 

30*015 

42 

10-065 

12-594 

14-693 

16-792 

18-901 

20-99 

23-089 

25*188 

27-287 

81-485 

43 

10-56 

13-20 

15-4 

17 6 

19-8 

22-0 

24*2 

26-4 

28*6 

83-0 

44 

11046 

13-818 

16-121 

18-424 

20-727 

23-03 

25-833 

27*686 

29-989 

84*545 

45 

11 -563 

14-454 

16*863 

19-272 

21-681 

24*09 

26-399 

28-908 

81-817 

86*185 

46 

12-086 

15*128 

17-626 

20-144 

22-662 

25-18 

27-698 

80-216 

82-754 

87-770 

47 

12-614 

|15-768 

18-396 

21-024 

23-652 

26-28 

28*908 

81 -586 

1 4 

‘89*420 

i 




HOESB-POWBE. 


789 


Diameter; 


SPEED OF PISTON IN FEET A MINUTE. 


of 

Cylinder. 

240 

800 

360 

400 

450 

600 

550 

GOO 

650 

750 

inches 

48 

12-816 

16*446 

19*187 

21*928 

24:669 

27*41 

30*151 

32-J52 

35*633 

41-115 

49 

12*913 

17*142 

19*999 

22*856 

25*713 

28*57 

31*427 

34*284 

37*141 

42*855 

50 

14-28 

17-85 

20*825 

23*8 

26*775 

29*75 

32*725 

35*7 

38*675 

44*625 

51 

14-882 

18*64 

21*665 

24*76 

27-855 

30*95 

34*045 

37*08 

40*205 

46*425 

52 

15-437 

19*296 

-.^2*512 

25*728 

28*944 

32*16 

35*376 

38*592 

41*808 

48*240 

53 

16*041 

20- 052 

23*394 

26*736 

30*078 

33*42 

36*762 

40*104 

43*446 

50*13 

54 

16*656 

20*82 

24*29 

27*76 

31*23 

.34*7 

38*17 

41*64 

45*11 i 

52*05 

55 

17*275 

21*594 

25*193 

28*792 

32*391 

35*99 1 

39*589 

43*188 

46*787 : 

53*985 

56 

17*909 

22*386 i 

26*117 

29*848 

.33*579 

37*31 

41*041 

44*772 

48*503 

55*965 

57 

18*557 

23*196 1 

27 062 

30*928 I 

34*794 

38:66 

42*526 1 

46 -.392 

50*258 ! 

57*99 

58 

19*214 

24*018 

28*021 

32*024 ! 

36*027 

40*03 

44 *03.3 ! 

48*036 

52*0.39 ! 

60*045 

59 

19*902 [24*852 

28*904 

33 136 

37*278 

41*42 

45*562 i 

49*704 

53*846 I 

62*13 


20*558 

25*698 

29*981 

34*264 

38*547 

42*83 

47*113 i 

1 

51*396 ; 

1 

55*679 1 

1 

64*245 


Tlie system of measurement of nominal horse-power was introduced by Watt, and was an 
averap^e representation of the actual horse-power of an engine at that time when 7 lb. steam was 
thought high pressure. But 50 lb. is now the average pressure, and very much higher pressures 
are in common use. The standard of Wat^ is therefore now quite inappropriate. 

The following scheme for the rectiBcation of the standard nominal horse-power of marine 
engines and boilers described by J. Macfarlano Gray, in the * Nautical Magazine/ in 1872, may well 
be studied in connection with this important matter. 

The source of the power being tqe fuel, the rate at which that can be consumed is the first 
element in making up the power. For many years Gray had been accustomed to compare the 
steaming power of marine boilers with the total width of furnaces, and found that the tendency is 
towards this simple ratio, one ton of steam coals a day consumed for one foot of width of furnaces, 
irrespective of the length of bar. The fire-grate ef ocean steamers has, in many cases, been shorted 
from 6 ft. to 5 ft. with an increase of steam raising power. Higher consumption than one ton a foot of 
width is quite common, hut only where the boilers are originally too small for tlic duty required of 
them, and consequently the fires have to be forced, to the detriment of economy. 

The next element in the power is the quantity of steam raised in proportion to the weight of fuel 
burnt. Assuming that the miler is properly proportioned, and making no allowance for deficiency 
of heating surface, the weight of steam is the weight of water evaporated, and for this 10 lb. of 
water i*vaporated by 1 lb, of steam coal may be taken as the standard of maximum practical 
eflBcienoy. 

The next element is, how far will steam go towards horse-power. At a little above atmosplieric 
pressure, namely, at 18| lb. above zero, 35 lb. of steam an hour will give one indicated horse-power 
if applied without loss, and without back pressure, and without expansion. The number 35 is one 
already appropriated by engineers for another purpose, and it will therefore be the more easily 
remembered for this. 

At high pressures, less than 35 lb, of steam would give one horse-power indicated. At 70 lb. 
gross pressure it would require only 32*36 lb. But each of these pounds would contain a little 
more neat, and would therefore represent a little more fuel. Evaporating from feed at 120°, the 
hejit to bo added to make 18 lb. pressure, is 1062 units; and to make 70 lb., 1086 units must be 
added. This brings us to the conclusion, that the indicated horse-power, at the high pressure, would 
require 6 per cent, less heat than the other. 

But the temperature of the steam at this higher pressure would be 80° in excess of the tempera- 
ture at the lower pressure. Efficiency of heating surface depends upon the difference between the 
temperature of the water in the boiler and the temperature of the gaseous products of combustion. 
The conducting power of the metal is also reduced by increase of temperature, arid is nearly inversely 
as the absolute temperature of the conducting medium. A difference of 80° will therefore make a 
difference of, say, also 6 per cent, on the amount of heat abstracted from a given weight of fuel. 

The extension of this calculation to higher temperatures gives similar results ; we may therefore 
assume, as being practically correct, that the cost in fuel of one horse-power, without expansion and 
without loss or back pressure, is the same at whatever jiressure tlie steam is produced. Further, we 
may, without appreciable error, take this coat as equal to the cost of 35 lb. of steam produced at 

18J lb, pressure, and that this will require ^ = 3*5 lb. of fuel. 

The next element is the reduction in efficiency caused by the loss of heat in blowing off where 
surface condensation is not used. As this loss is proportional to the effect of the steam when used 
expansively. Gray deals with it after that effect has been calculated. 

For the effect of expansion, it may be assumed that in every case the steam will expand in the 
cylinder to atmospheric pressure, taking that as exactly 15 lb. on the square inch. In framing a 
rule for a standard such ns this, we must not introduce any factor which does not exist as a definite 
fact. Now, the pressure of steam for which the valves are loaded is, at least in passage steamers, a 
quantity so fixed that it can be made available for this purpose. The degree of expansion will, 
therefore, be assumed to be expressed numerically by the gross pressure of steam in boiler in atmo- 
# 8 B 2 
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spheres of 15 lb. Example, 60 lb. steam by gauge is ^ ^ = 5 atmospheres, and the expansion 

Id 

would be taken as five times. 

The efiect of a given quantity of steam is, by expansion, increased by the following multiplier, 
10 — , where R= ratio of expansion, when the steam is used without adding heat to it or 

XC-g 

abstracting heat from it. As any addition of heat would be, in general, by steam jacketing, and, 
therefore, would have to be drawn from the steam Itself, we may apply this formula to our purpose 
as being nearly true, whether there is or is not a steam jacket. 

This multiplier contains a radical, and, in this form, is unsuitable for the calculation of a stan* 
dnrd nominal horse-power. As a practical approximation to this multiplier, the following simpler 
rule may bo used, applicable only to expansion from two up to eight times ; — 

From the numl^r 18 subtract the ratio of expansion, multiply by the ratio, divide by 40, and 
add '85, or 

It f 1 8 S ) 

— + *85 = Effect of expansion, as a multiplier, = E. 

The Table II. shows the degree of approximation attained by this rule ; — 


Table II. — Standabd Nominal Hobsb-powbr. 


« ('O-E^ 

2 1-667 1-650 

3 2 034 1-975 

4 2-284 2-250 

5 2*474 2-475 

6 2*625 2-650 

7 2*750 2 775 

8 2-856 2*850 

9 

For steam above 120 lb, gross the formula E = 10 — — can be used. 


By introducing more complicated constants, a closer approximation might have been obtained, 
but to do so would bo objectionable. 

It is requisite to have this rule in terms of pressure, the expansion being carried to atmospheric 
pressure = 15 lb. 

From 270 deduct the gross pressure, multiply by the gross pressure, divide by 9000, and add *85. 
Or, writing P for gross pressure, 

P (270 — P) 

— — 4- *85 = Efiect of expansion, as a multiplier. 


But this rule takes, as yet, no notice of loss by back pressure or by radiation, or from the varia- 
tions in the temperature of the surface of the cylinder. The loss by back pressure should be propor- 
tionately less as the pressure P increases. But the other losses will then l»c proportionately greater. 
When expansion is carried further than to 15 lb., there will in general bo an increased effect 

S reduced, the loss by l^ck pressure will be prcjportionately more, Diit the external radiation will not 
e increased. Upon the whole tlicrefore it may he assumed as n oonveni<‘nt approximation, that, 
including average deficiency in boiler, the total loss of effect will be ono-fourih of the evaporating 
power of the boiler. Wc have tlicrefore to reduce the eflScii ncy of fuel from 10 lb. of steam to 7J lb. 
of steam a pound of coal. Dividing 35 by 7*5, we get lb. of coal for an indicated horse-power, 
without expansion and without loss. From the ton of coal a fcxit of furnace front we will therefore 
2240 

have — =r 20 horse-power a foot of front. 

24 X 4 ^ 

Gray proposes that this become the nominal horse-power of the boiler twenty times the total 
width of furnaces in feet. 

Considering the loss by blowing off, where surface condensation is not use^ evaporating from 
feed-water at temperature 120^, and maintaining the saltnces of water in the boiler at twice that of 
sea-water, the heat required a pound of steam made is— 


The latent heat 
Increase of temperature 

ff ff 


—^120 + ^ 1 steam us^. 

— 120 -h i in the water blown off. 

Sum 873 H- l*3i total expenditure. 


When t = temperature therefore - ^ = expense of blowing off in parts of the total 

1 *3 6 -f- o7%l 

effect of the fuel. Calculatiug this, we have 

At pressure ~ 1 atmosphere 8 per cent. loss. 

,, 2 atmospheres 10 „ ,, 

>» ® »» 12*5 ,, ,, 

»» ^ 9t 14*7 ,, ,, 

»* fi $9 16*8 ,, ,, j 

On referring to Table II. for the effect of expansion, it will be found that these nnmbers are 
just six times those given for the effect of expausion. In general, all new engines have snrfaoe 
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oondenserB, and for these there will be no reduction for blowing off. There is, however, always 
some loss from this, even with surface condensers, but this, and a supposed equal amount by which 
in practice the blowing off, without surface condensers, will, in practice, exceed the rule given, is 
included in the one-fourth deducted for losses in general. 

We have for the effect of blowing off the salt, 

o 100 -6E 
® 100 

The only measurement of which wo can make any use in the engine is the diameter of the 
cylinder. The speed of tlie piston, the degree of expansion, the proportion between cylinders in 
compound engines, the size of intermediate receiver, the angle of the cranks, are all to some extent 
elements involved in the expression of the horse-power of the engine ; but these in different engines 
vary so indefinitely that no standard can bo based upon them. 

Tiie rule at present adopted for nominal horse-power we have given above, but even this varies 
in different localities. 

Gray proposes as nominal horse-power of engine, ten circular inches of piston area, counting 
only the low-pressure pistons in compound engines. This corresponds with 300 ft. piston speed, 
and 14 lb. pressure effective. 

As nominal indicated horse-power, add together the nominal horse-power of the boiler and the 

B® 

nominal horse-power of the engine. That is N.I.H.P. = ~ -4- 20 F, where D® is the sum of the 

squares of the diameters of the cylinders, and whore there is surface condensation. When there is 
not surface condensation the pressure will seldom exceed 30 lb. steam by gauge, and, therefore, 

B® 

neglecting the pressure, N.I.H.P. = — -f- 17J F. where there is jet condensation. 

This rule will run to be nearly equal to taking the speed of piston at 300 ft., and the effective 
pressure at 28 lb, a sq. in. This pressure is high, but 300 is now a low 8i)oed, and as the rule is not 
expected to be the true measure of power, but only an understood and convenient standard of 
reference, it may be found a suitable one. 

In applying tlie ruhi for nominal expansion horse-power, it is proposed to alter the value of P, 
in the proportion that the nominal horse-iwwer of the engine is greater or less than tliat of the 
boiler. The reduction for blow off will al.so be made on the altered P, for rx)nvenience in 
working out the calculation, and also because that by doing so we slightly increase the effi ct, when 
the degree of expansion is reduced, and decrease the effict when the degree of expansion is unduly 
increased. When there is not surface condensation, there is not this compensating element in the 
rule. But it will generally be found that where surface condensation is used, the engines will be 
fitted with steam jackets and oth(;r adjuncts, which will maintain the efficiency nearly equal to that 
given by the rule when the engines are larger, and will not be so much required, although still 
costing nearly as much when the engines are smaller. Therefore, the diminished loss by back 
pressure is, in a measure, counterbalanced by the greater proportional cost of jacketing and other 
adjuncts. 

The following is a condensed statement of these rules ; — 

D® = Sum of squares of diameters of cylinders — do not include the high-pressure cylinders of 
compounds. 

F = Sum of widths of furnaces in feet. 

D* 

~ = Nominal horse-power of engiuo. 

20 F = Nominal horse-power of boiler. 

D* 

— -b 20 F = Nominal indicated horse-power with surface condensation. 

B* 

jQ + 17a ^ 3^* condensation. 

To illustrate these rules, take a pair of surface-condensing engines, 72" cylinders with boilers 
having 76 ft. total width of furnaces, 

B* = 72 X 72 X 2 = 10368. 

B» 

Nominal horse-power of engines = ~ = 1036*8 

Nominal horse-power of boilers = 20 x 76 = 1520 


Nominal indicated horse-power = 

Again, take two sets of compound engines, low-pressure cylinders 
total width of furnaces. 

* D» = 78 X 78 X 2 = 12168. 

D® 


Nominal horse-power of engines = 

Nominal horse-power of boilers = 20 x 72 = 


10 


2556-8 

78 Inches, boiler having 72 ft. 


1216*8 

1440 


Nominal indicated horse-power = 2656*8 

These results agree very closely with what is the average indicated horse-power in engines cor- 
responding to these dimensions, and satisfy almost every condition essential for a system of nominal 
horse-power of marine engines. The calculation is simple, the data are fixed quantittes generally 
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known, and the results agree fairly with average practice. Further, the present nominal horse- 
power can 1^ easily transferred into the above. 

If it is desirable to include these, pressure and expansion, as elements in the calculation, 

D* and F ore used as above. j 

P = Gn^ss pressure on safety valve, including atmosphere = 151b. 

D» _ 


P = 


200 F 


E = Effect of expansion as a multiplier, and is the Nominal Steam Coefficient 

E _ + -85. 

^ 9000 

S = Proportion of evaporative power of fuel available, after deducting for the blowing of the 
salt, when there is not a surface condenser. 

^ 1()0-6E 

® “ 100 * 

Nominal expansion horse-power = 20 F E, with surface condensation. 

,, ,, ,, = 20 F S E, with jet condenser. 

Take the same examples es before, two cylinders 72''; total furnace width » 76 ft; steam, 
40 lb., with surface condensers. 

P = 40 + 15 = 55. 


P = 


D* 

200 F 


P = 


72 X 72 X 2 
200 X 76 


X 55 = 37-5. 


^(270-p)^^ 
® ^ -^ 00 “ ^ 


37*5(270-37*5) 
9000 


85= 1*8187. 


This represents the nominal steum coefficient, and 4§ divided by this will give the nominal 

consumption an indicated horse-power, namely, jTg jgy = 2*56 lb. an hour. 

Nominal expansion horse-power, or N.K.H.P. = 20 x 76 x 1*8187 = 2764. 

And if witli jet condensation, it would be this multiplied by S ; 

(6 x 1*8187) 


S = 100 - : 


100 


= * 891 . 


N.E.H.P. = 2764 x *891 = 2463. 

Applying this to a compound engine, the same as before, 78 in. eylinders, 72 ft. of furnace width, 
steam 60 lb. 


P = 60 -f 15 = 75. 

D* 78 X 78 X 2 


p = 


200 F 


200 x72 


X 75 =63*4. 


f(270 _-^) 5 ^ 63-4 (270 - 63-4) 

^ 9000 ^ 9000 -r oo ou. 


This is the nominal steam coefficient, and 44 divided by 2*3 gives 2*024 lb., the nominal con- 
sumption an indicated horse-power an hour. Nominal expansion horse-power, or N.E.H.P. = 20 
X 72 X 2*3 = 3312. 

These results 2764 and 3312 agree very closely with tlie nuiximum indicated horse-power of 
engines having these dimensions. These rules d<» not refer at all to non-condensing engines. When 
tlie rule for the others has been finally fixed, it will be easy to make a modification of it applicable 
to non-condensing engines with a blast draught. 

HYDRAULICS. 

The ap|-lieation of hydraulic macliinery to the various purposes requiring f)Ower on board steam- 
ships, independently of the propelling power, is a comparatively recent step, and it will be found in 
many instances to have important advantages over steam power for such purposes. There is a large 
amount of work, such as loading and discharging cargo, lioisting the anchor and sails, warping the 
ship into dock, steering, stoking, discharging ashes, for all of which hydraulic power ia especially 
deserving of consideration. The machines. Figs. 1440 to 1457, have been designed by A. B. Brown, 
of Kdinburgb, to meet these requirements. 

The motive power, is supplied by a pair of ordinary double-acting pumping engines, A A, 
Fig. 1440, which are in connection with a steam accumulator B. This consists of a large steam 
cylinder 36 in. diameter, fitted with a piston C, and the piston rod D forms the ram of a hydraulic 
cylinder E, having -^^ih the area of the stc'am cylinder B, so that 50 lb. an inch steam pressure 
gives a water pressure of 750 lb. an inch in the hjj^draulic cylinder, less the amount of Motion. 
Bteam is admitted to the top of the accumulator cylinder at P, from the ordinary d^key boiler or 
the nmin boilers ; and the pumping engines are supplied by a branch G from the opposite side of 
the cylinder, and force the water from their pumps into the hydraulic cylinder at H. The bottom 
of the accumulato cylinder B is open coubtautly to the exhaust K. When steam is turned on to 
the accumulator, the engines start, at the same time pumping up the hydraulic ram D, and they 
continue working until the steam piston rises high enough to close the steam pipe orifice G. The 
engines then stop ; but when water is drawn from the accumulator by the action of the hydraulio 
machinery, the steam piston descends, maintaining the pressure of 750 lb. an inch upon the water ; 
at the same time by opening the steam pipe G it starts the engines again, and so the ie 

replenished. 

The steam piston of the accumulator is somewhat novel in the mode employed for making the 
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hemp packiog self-tighteziing. The junk ring is one piece with the piston oo^er, fitting loosely 
upon the centre boss of the piston ; then if the hemp packing is tight’, the inside and ontside of the 
ring are in equilibrium, and there is therefore only a pressure on the annular area of the packing ; 
but if the packing leaks more than the slack- 
ness of the small boss of the piston-end can 
pass, then the equilibrium is disturbed and the 
Junk ring is pressed down and tightens the 
packing. 

This steam accumulator can be placed either 
vertically or horizontally, as may be most con- 
venient, and it is usually laid with its en^nes 
upon the main engine-room floor. The pacing 
of the accumulator piston and the hydraulic 
ram, does not require any attention during at 
least a year's work, and the engines, being 
automatically stopped and started, require no 
attention beyond ordinary oiling. Althongh a 
water pressure of 700 to 800 lb. an inch is 
usually maintained for working at full power, 
the pressure can be reduced to 200 lb. by using 
a lower steam pressure when doing exception- 
ally light work. 

In Figs. 1441 to 1447 is shown the hydraulic 
reversing gear ; it consists of two hydraulic 
single-acting cylinders A A,' having rams 

in. diameter and 19 in. stroke, coupled 
together and working in opposite directions, 
and connected by side rods 13 from the boss O 
to the weigh-shait lever D. In the working of 
the apparatus, water from the accumulator is 
admitted to either of the cylinders as required, 
by opening the slide-valve E by means of the 
reversing handle F, which is centred at G, and 
has a detent rod and quadrant H. The other 


1441. Ii42. 1443. 1444. 



end of the reversing handle F is connected to one end of the short double lever K, the other end 
of which is moved oy a connecting rod from a stud joint J, on the back of the weigh-shaft of 
the main engines. The slide-valve spindle is attached to the double lever K at an intermediate 
point I. as in the plan, Fig. 1445. 
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The effect of this arrangement is that when water is admitted into the lower cylinder by a 
downward movement of the reversing handle raising the slide-valve, Fig. 1447, the hydraulic rams 
are then moved in an upward direction, carrying with them the weigh-shaft lever D, Fig, 1444, and 
reversing the engines accordingly, and by the same movement the stud joint J upon the weigh-shaft 
is lowered, and closes the valve again, so that the two hydraulic rams are then held fast in whatever 
position they may be placed. This counteracting cut-off enables the ennneer at once, to place 
the reversing links of the main engines at any degree of expansion, and hold them there, by moving 
the reversing lever into the desired position in its quadrant, when the rams will follow into that 
position and stop there. 

When 4t is desired to avoid putting down a pumping engine and steam accumulator, a modi- 
fication of the above hydraulic reversing gear is used. In this apparatus a double-acting steam 
cylinder is the moving power, and a similar water cylinder, of one-eighth the area, is coupled to it, 
for the purpose of controlling its action, and holding the reversing gear locked stationary in any 
position to which it is shifted, by means of the slide-valve. The water in this cylinder is not under 
pressure, but simply holds the piston stationary, when the water is prevented from passing from one 
end of the cylinder to the other, by means of the slide-valve, which closes or opens the communi- 
cation between the two ends of the water cylinder. This valve is made double, with one slide on 
eac li side of the central spindle, so that whichever way the pressure of the water in the locking 
cylinder acts, when tlie valve is closed, one or other of the two slides is always pressed tight on its 
face, and effectually prevents any water from passing. This water valve is coupled to the hollow 
piston-valve of the steam cylinder, and the two valves are moved together bv the reversing lever, 
which is centred not upon a fixed point, but upon an intermediate lever taking its motion from 
tlie weigh-shaft lever of the main engines. Tlie piston rod is connected to the weigh-shaft lever by 
side rods, and the action of the apparatus is similar to that of the hydraulic reversing gear 
previously described. 

In the hydraulic steering gear, the character of the work to bo done in moving the rudder from 
port to starboard, and the reverse, is much the same as in shifting the links of the main engine from 
ahead to astern, and therefore the machinery w'hich is effective in the reversing gear suffices also for 
steering. The only additional provisions in hydraulic steering gear that are not wanted in reversing 
gefir are, that the power applied to tlie steering gear should increase in proportion to the angle at 
which the rudder is moved over, that under any excessive strain the machinery should give way, 
allowing the rudder then to come amidships, but immediately causing it to return when the extra 
strain is removed, and that whilst the hydraulic shoring rams and cylinders are placcMi aft for 
direct connection to the rudder, the valve for controlling them should be placed on tlie bridge, and 
worked there under tlie immediate supervision of the officers of the ship. 

Figs. 1448 to 1450 are of such an arrang<'ment of hydraulic steering gear, connected to the rudder 
post A by the main tiller B, which is keyed upon it. The end of the tiller is turned cylindrical, to 
allow the sliding block C to slide radially upon it; and this block is connected by trunnions to the 
hydraulic rams D D working in the cylinders E E, Fig. 1451, from which Bc*parate pipes ore carried 
to the admission ports in the slide-valve F that is placed on the bridge. When the main tiller is 
moved in either direction towards its extreme t) 08 ition, the sliding block runs out upon it, and the pro- 
portionate extent of motion or the effective leverage of the rams is increased, until the power over 
the rudder becomes doubled, when the rudder is hard over at 45° on citlier side of tluj midships 
position. This is an exceedingly useful property of the steering gear, because in steering with the 
rudder amidships on long voyages, the quantity of water used is proportionately reduced. A wire 
cord is carricMi in each direction from the hydraulic rams to a quaarunt G, Fig. 1448, so that any 
motion taking place in the rudder post communicates a similar motion to the quadrant. The object 
of this quadrant is to effect an automatic cut-off by the slide-valve F ; and also to show by means of 
an indicator on deck the exact position of the rudder at all times. 

The steering valve F is shown in section to a larger scale in Fig. 1450. It is three-ported, the two 
end ports J J, leading through the pipes to the hydraulic cylinders astern, while the centre port is 
the exhaust ; the water from the accumulator enters the valve chest by the port H. Relief valves 
K E are provided in connection with each hydraulic steering cylinder, for the purpose of relieving 
the rudder from any excessive strain, in the event of a heavy sea striking it. These relief valves 
remain shut, so long as the strain on the rudder and the hydraulic rams is less than that duo to the 
pressure of about 700 lb. an inch, acting on the area of the rams, but the moment any strain on 
the rudder exceeds this pressure by al^ut 80 lb. an inch, the valves open internally, and allow 
the water to fiow back into the accumulator, driving the accumulator niston up against a steam 
cushion. In this way, through the rams of the steering gear, the ruader is practically held in 
position at all times by an elastic pressure of steam. 

The self-closing action of the slide-valve is very similar to that in the hydraulic reversing gear. 
The steering tiller L, Fig. 1448, is fixed upon the shaft N, which passes down from the bridge to the 
valve F on the main dock, terminating in a crank at the bottom. This crank by a pin and con- 
necting link works one end of a lever I, Fig. 1451, the other end of which is attached by a similar 
connecting link to a crank pin in the quadrant G ; and to the middle of this lever I is jointed the 
slide-valve spindle. If the valve is opened by moving the steering tiller L and the lever I, water is 
at once admitted to one of the steering cylinders and exhausted from the other, causing the rams to 
move the rudder. But as the quadrant G receives motion from the rams by the wire cord, and therefore 
moves through precisely the same angles as the radder, its crank pin is carried in the opposite 
direction to the crank on the shaft N, and the slide-valve is by that moans shut again ; and any 
further movement of the steering tiller L will produce farther motion in the rams, with a oorre- 
spoiiding counteracting motion of the quadrant. The slide-valve is also o[:>ened immediately by the 
quadrant^ whenever the rudder is driven amidships by the excessive strain of a heavy sea, and it 
thns gives a double relief to the water at that moment ; but the quadrant closes the valve again om 
the rudder returning to the position from which it was disturbed. The shaft N of the neerifig 
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tUlelr has a tubular casing, which is fixed to the quadrant below, and is carried up to the top of the 
steering pedestal, and a pointer P is keyed upon it, which travels over a graduated arc and indicates 
the position of tiie rudder, as in the plan, Fig. 1449. In this way any angle at which the steering 
tiller L is plaoetl, will be followed by a corresponding angular position of the rudder, and this is 
indicated at once by the small pointer P. 

The working of this apparatus is perfectly smooth and noiseless, in consequence principally of 
the circumstance that no cog wheels are employed. Also the slide-valve required is so small, that 

1448. 



with a steering tiller of 3 ft. in length, it is found so little power is required to move it that a boy 
could easily steer. 

The hydraulic winch is shown in Figs. 1452 to 1456. Two winding barrels A A, with their breaks, 
are mounted in the frames B B, Fig. 1452, the outer ends of their shafts having warping ends 0 O 
ktjyeil on. The winch is driven by the rams, 3} in. diameter, of three oscillating hydraulic cylin- 
ders D, which act upon the same crank pin. Fig. 1453, and they receive and exhaust their water 
through the trunnions, by means of partially balanced cylindrical slide-valves E, Figs. 1454 to 1456, 
the casing of which remains stationary, whilst tlie cylindrical valve or plug E, moves with the oscil- 
lation of the cylinder. When this hoist is required to discharge light cargo, such as tea or grain, four 
ropes can be worked out of one hold, the engines constantly running at 30 revolutions a minute; and 
with barrels and warping ends of 2 feet diameter a discharging speed of 187 ft. a minute is obtained. 

For the purpose of adapting the power of the winch to suit peat differences of load, an 
arrangement is made for readily changing the throw of the crank whilst at work. The crank pin 
is fixed in two discs F, which are placed eccentrically to the axis of the winch ; and each of these 
discs re^ * 
sliding 

discs F, ^ 

by a lever, and then pushed in again by spiral springs. For the lightest load the hydraulic 
engine is sot at 6 in. stroke ; and when the full 2 ton load is to be raised, the sliding bolts are 
withdrawn, and the eccontric discs allowed to revolve, into the position giving the greatest throw of 
tlie crank pin, and the bolts are then allowed to drop into the holes. The engine is then at a 
stroke of 18 in., and there are three other intermediate positions of 9 to 12 and 15 in. stroke for 
proportionate loads. In this way the quantity of water used is made to approximate to the work 
done ; und as the stroke can be altered whilst the engine is running, no time is lost. 

When raising the heavy loads, the engine does not exceed a speed of 20 revolutions a minute, 
which does not involve any material wear and tear. Gearing is entirely -dispensed with in this 
hydraulic winch, in consequence of the high pressure of water used, which gives a moving force of 
3 tons upon each of the ^ree rams acting on a crank of 9 in. radius ; and this affords sufficient 
driving power when attached directly to the winding barrel. Also the entire absence of the noise 
and vibration, so usual where gearing and quick-running steam engines are employed, is not the 
least of the advantages in the hydraulic winch. 
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In connection with either of these hoists, an arrangement is used for Bwin|^ng the jibs that are 
suspended from the mast for putting cargo over the side of a vessel. A pair of small hydraulio 
cylinders and rams A, Fig. 1457, are attached one on each side of the mast B on deck, each ram carry- 
ing a pulley 0, round which a chain is passed, and its end fastened to the cylinder, with provision 

146a. 



for tightening at D. This chain passes round and is fixed to a pulley E, upon the base of the 
swinging jib F, and serves to move the jib round by the action of either cylinder alternately. The 
slide-valve G admits water to either cylinder, and is moved by a lever H, which is centred at tho 
bottom of the joint pin of tho jib. The valve is thus opened by the attendant moving the lever to 
any position in its quadrant, while the actual swinging of uie jib shuts it again, in the same 

1464. 1455. 



1466. 

manner as in the valve gear of the reversing or steering apparatus. By having adjustable stops in 
the quadrant, the jib can always be swung by power exactly plumb over the centre of the hold of 
any craft alongside. 

In all the above plans of hydraulic moohinerv, the pumping engines, steam aooumnlator. and 
tank are all placed in the eng^e room. The tank is oharg^ with water mixed with meUiylated 
spirit, to the strength sufficient for resisting frost; or other fluids are emplovod, of which there aie 
several suitable for the purpose. The fluid is M along a pressure mam from the winch farthest 
aft to the hydraulic engine on the capstan, with branches and stop-valves conneotiDg the diiferent 
hydran^ machines ; and it is returned again by an exhanst mmn i^to the tank, which ip dosed 
water-tight to prevent evaporation, one charge of flnid being thus worked continnoady# The 
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prefifltire malnfl are of wrought iron, put together with right^nd-left-handed screwed coupling 
boxes ; one pipe is conod anoT the other faced hat at the end, so that the joint is drawn together, 
metal and metal, without any packing. 

The hydraulic reversing gear is attached to the main engine frame, with the reversing ban die 
at a convenient height from the starting platform. The hydraulic steering cylinders are placed 
aft, and connected by wrought-iron pipes 
with the slide*valve ; and the steering 
tiller is placed amidships, or on the bridge. 

The hydraulic winches are usually placed 
on the main deck : and in the reciprocating 
hoist, the hydraulic rams work through the 
spar deck. 

The advances of this system of 
hydraulic machinery on board ship may be 
stated as follows : — The motive power is 
placed in the main engine room, is auto- 
matically started and stopped, and is kept 
under the care of a skilled attendant. No 
steam pipes are carried beyond the main 
engine room ; thus avoiding the heating of 
decks, and leaking joints from steam pipes 
carried along the ship, and blowing- 
through of condensed water from steam 
winches on deck. A comparatively great 
speed is obtained in the performance of 
the various work of discharging cargo, 
steering, reversing, and the like, and this 
speed is obtained without any gearing, and 
witliout the attendant noise and vibration, 
and consequently with little wear and tear 
of machinery. 

Figs. 1458 to 1467 illustrate several 
hydraulic machines erected at the Bute 
Docks, Cardiff, under the superintendence 
of J. McConnochie. The first hydraulic 
tips for raising coal waggons from the 
level, to a height sufficient for discharging 
them into ships, were erected at the Bute 
Docks in 1858 with timber framing; but 
the later ones are entirely of iron, Figs. 

1458 to 1461, and ore of improved con- 
tion. The cradle A that carries the 
waggon is raised by a vertical hvdraulio 
ram B, of 12 in. diameter and 20 ft. stroke, and slides in guides at the four comers ; upon it the 
loaded waggon is raised to the level of the shoot £, Fig. 1459. The centre portion C of the 
cradle, with the rails upon which the waggon rests, forms a tipping frame, heing pivoted at 
the front of the cradle; and is tipped with the waggon upon it, as dotted in Fig. 1459 and 
full in Fig. 1460, by means of a second hydraulic cylinder D, below the cradle and attached to it. 
This cylinder oscillates on trunnions to follow the motion of the tipping frame, receiving its supply 
of water through one of the trunnions, from the hollow ram B of the main centre cylinder. The 
whole working is conveniently managed by a man standing on a side platform F, Fig. 1459, at the 
top of the framing, with the several hydramic levers close at hand. 

The raising and lowering of the shoot E, Figs. 1459 and 1460, for adjusting its height and 
inclination, are effected by self-acting means, which entirely dispenses with the hand labour 
required in balance tips, and obviates the consequent loss of time. Two short arms are made to 
project from the front of the cradle A, one on eacli side, under the butt end of the shoot ; and when 
the cradle rises, the shoot is by this means carried up with it to any desired level, and is held 
there by a weighted pawl, falling into a vertical rack fixed upon the frame on each side of the 
shoot ; or by holding these pawls disengaged from the racks, the shoot can be lowered with the 
cradle to any lower level. The shoot is secured in addition by a safety chain on each side, which 
is fixed in the new position by a clip G, Fig. 1458. The two arms that lift the shoot are balanced 
so as to hang vertically, and clear of the shoot, when not in use; and when required they are 
thrown into action by pulling a small chain. The point of the shoot is raised or lowered in a 
similar manner, by means of two chains carried over pulleys at the top of the framing, and brought 
down the centre of the framing, one at each side, where they arc secured to the frame by clips at 
the desired level. When required to be altered, these chains are put upon strong hooks ^ed at 
the edge of tlie cradle, and then by lowering or raising the cradle, the point of the snoot is raised or 
lowered as desired, and the chains are piunc d again in the new position by the clips. 

As the South Wales coal is of a brittle character, it is found necessary to take special 

5 recautions for reducing the loss by breakage, that occurs in discharging the cool waggons into the 
lips* holds; and for this purpose the anti-breakage crane N, Figs. 1458 and 1459, has been 
applied with groat success, and is now in general use. This has a square iron bucket P holding 
one ton of coal, made hopper-shaped, with a hinged flap for discharging at the bottom; it is 
suspended from an independent light jib crane N, fixed at one side of the tip firame, and having 
hyaraulic lifting and turning motions. In commencing the loading of a ship, this bucket is filled 
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from the shoot, and then lowered to the bottom of the hold, and emptied by pulling up the 
that secures the flap-door ; the process being repeated until a conical heap of coal is formed, high 
enough to reach nearly to the hatchway. The shoot is then allowed to discharge freely, and 
delivers close down upon the heap, so as to prevent any breakage of the coal by a vertical drop. 
The point of the shoot is contracted, to check the fall of the coal down the incline, so that the 




shoot is choked up by coal, and the discharge 
from the point requires a little assistance by 
hand, and is thus kept under control whiUt the 
bucket is being filled. The whole process is 
efiPected with great expedition, the discharge of 
the bucket in the ship’s hold being made self- 
acting, by the bolt that releases the flap-door 
being fastened to a chain, which is fixed on deck 
and shortened to the required length as the filling 
proceeds. These cranes are also used with ad- 
vantage for discharging ballast or ordinary merchandise, and for filliug into waggons the small 
coal that passes through the screens in the shoots on to the ship’s deck. 

The hydraulic hauling engine, Figs. 1462 to 1465, has been introduced for the purpose of 
drawing the waggons on and off the coal tips, in place of horse power, and for turning them 
on the turntables. It is desired and constructed by Armstrong and Co., and consisto of a 
hydraulic engine with a pair of double-acting oscillating cylinders A A, working right-angled 
cranks upon a shaft, to which a cupped chain-wheel B can be coupled by a clutch C. The 
chain by which the waggons are hauled passes over this wheel, into the gi^ve of which it is 
pressed by a pair of guide rollers D D ; ana the fall of the chain is piled down upon the floor of the 
pit E. The entire engine, with the chain wheel and ^ide rollers, is fixed on the under side of a 
cast-iron bed plate F, which is flush with the ground when the machine is in use / but it is 
mounted on trunnions O G, so that it can be tumra up when required for examination or repair, as 
shown in Fig. 1465. By this arrangement the size of the pit required for containing the machine, 
and tlie cost of foundations, are much reduced. The pressure water is supplied to the engine at 
one of the bed-plate trunnions, and the exhaust water conveyed away from the other. The valve 
for the admission and exhaust of the water to each oscillating cylinder, is placed in one of the 
trunnions of the cylinder, and is worked by the oscillatton ; the valves are arranged so that mev 
can be readily removed for examination or repair. The machine is worked by a single hina* 
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lever H, which throws the clutch O of the ohaiu wheel into gear, and at the same time turns on the 
water pressure to the cylinders by opening the stop-valve K, Fig. 1465 ; the lever is held back by a 
catch in the bed plate when out of action, and the chain wheel is then free to turn upon the sl^ft 
and the chain can be drawn out. For starting the machine, the lever is released from the catch, 
and is then pressed home by a spring J, Fig. 1464; but it is controlled by hand by the attendant 
so as to start the macliine gradually, without any sudden snatch upon the hauling chain. This 
hauling engine has proved very satisfactory and efficient in working. 


1461. 



For expeditiously discharging or loading ships with grain or general cargoes, a separate crane 
for each hatchway is very desirable ; but owing to the varying distances between hatchways in 
different vessels, fixed cranes cannot be adapted to the circumstances; and it occurred to 
J. McConnochie to meet this difficulty, and still utilize hydraulic power, by employing portable 
cranes that could be placed in any required position alongside the ships. Figs. 1466 to 1468 ere of a 
portable hydraulic crane, that can be traversed upon a line of railway parallel to the dock wall, 
and is supplied with water pressure by means of a series of hydrants, placed 20 ft. apart along the 
dock wall, so that by jointed wrouglit-iron pipes and a union joint, the power can be 6up]}lied to the 
cranes within 10 ft. distance, in any position. The details were worked out and the crane 
constructed by Armstrong and Co. ; it is similar in construction to the hydraulic cranes in general 
use, the lifting cylinder and tackle being placed within the wrought-iron pillar A of the crane, 
which revolves in the centre of a platform D, that is mounted on four carrying wheels travelling on 
the line of railway. When the crane is in use, the platform is steadied by a screwed resting 
block B at each corner, and is held down to the rails by clamps O ; a cast-iron counterweight E is 
fixed to the back of the pillar A, to counterbalance partially the load lifted by the crane, and 
reduce the strain upon the clamps. The turning machinery is fixed on the platform D, which is 
headed in with wood, and a house is formed at one end for the man working the crane. Two of 
these cranes, each to lift 46 owt., and a smaller one to lift 27 cwt., are in use at the Bute Docks, 
and they have proved very serviceable and satisfactory in work, and are very efficient in 
discharging a ship quickly, by working at buth hatchways at the same time. 

The motive power for working the hydraulic machinery at the Bute Docks consists of two pairs 
of engines with cylinders 16 in. diameter and 20 in. stroke, working direct four force-pumps 4 j in. 
diameter, which supply three accumulators; two of these are placed contiguous to the engine 
house, and are weighted with 70 tons of gravel suspended on rams 17 in. diameter, jgiving a 
pressure of 700 lb. a square in, ; the third is placed ot a distance of three-quarters of a mile, 
and is weighted with 100 tons of gravel suspended on a ram 20 in. diameter, giving the same 
pressure of water. The engines are supplied by four boilers. 25 ft. long and 5 ft. 6 in. diameter, 
three of which are always kept at work, while the fourth can be used in case of accident or when 
the others require cleaning. Each pair of engines is capable of working up to 40 horse-power 
with a boiler pressure of 60 lb. a square in. The pressure pipes in connection with the various 
machines, extend upwards of three miles, and vary from 3 in, to 5 in. diameter along the mains. 

Until late years hydraulic power was used only for very slow direct action ; and in packing 
presses for goods, the motion was so slow as hardly to be perceptible to the eye, requiring ten to 
twelve minutes to raise the ram of the press 3i to 4 J ft., which can now be accomplished in less than 
half a minute. When Robert Wilson proposed to apply direct-acting hydraulic power to the presses 
us^ for packing cotton in India, it was considered quite unsuitable for presses with a rise of ram 
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rise of ram of 12 ft., and capable of oompressing 3} owt. of cotton into 8 cub. ft. in the press, with a 
pressure of 300 tons upon tbe bale. The report received of the working of this press was most 
satisjfaotory, stating that twelve bales could be turned out an hour, and that the press could ^ run 
up in little more than one minute. This result was obtained through the medium of the horizontal 
direct-acting high and low-pressure pumping engines constructed in pairs, similar ip those already 
illustrated at p. 1416 of this Dictionary, with cylinders 20 in. in diameter and 24 in. stroke, each 
pair working four direct-acting pumps, the low-pressure engines pumping water up to a pressure 
of 1680 lb. or f ton a sq. in., and the high-pressure ones up to a pressure of B tons a sq. in. ; this 
difference was brought about by making the pump rams of the low-pressure engines four times 
the area of those of the high-pressure. The mode of working was as follows ; — in starting the 
press, the resistance of the cotton being then slight, both high and low-pressure engines were set to 
work, so as to run up the press as quickly as possible ; when the resistance of the cotton counter- 
balanced the low-pressure engines, these stopped of their own accord, and the high-pressure 
engines finished the bale. 

Another press was afterwards constructed with three 9-inch rams, and of similar size and 
power to the first hydraulic presses. The object of this second plan was to obtain with only 
one pair of engines a result similar to that previously got with the two pairs and thereby to 
save the expenses of one entire pair of engines, namely the low-pressure pair, for every four 
presses. The method of working the three-cylinder press is as follows ; — the water from the 
pumps is admitted at first into the centre cylinder only, thus raising the follower together 
with the two outside rams which are attached to it, the two outside cylinders, as their rams 
Ti>Q, being supplied with water by gravity from the supply tank, to fill up the space left by the 
rising rams. When the resistance balances the pressure of the centre ram, the water from the 
pumps is admitted to the two outside cylinders, thus exerting the pressure of the three rams to 
finish the bale. 

These presses were made much larger and stronger than formerly, and weighed 40 tonfi 
each, the cotton box being increased in height to 14^ ft. or even 15 ft. The introduction of 
steel cylinders led to the alteration of many of the old three-cylinder presses with 9-inch rams, 
the 9-inch cylinders and rams being replaced with 10-inch steel cylinders and rams to correspond, 

1469. 1470. 1471. 



thus gaining 23 per cent, more power. The old two-cylinder presses with 11 -inch rams were 
also many of them altered to three-cylinder presses with steel cylinders and 11-inoh rams, so as 
to obtain the extra cylinder for economv, and also to obtain 50 per cent, more power. 

Greater power may also be obtained by means of an auxiliary press or finisher, Figs. 1469 to 1471, 
of great power, but only of short range. This press, fitted with two 21-inoh rams, and capable of 
exerting a prespre of above 2000 tons, is worked in conjunction with the old presses, in which the 
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bale Is half packed and then transferred means of an extractor E, Fig. 1470, to the finisher, 
where the final compression takes place. &ile8 made in this manner however are hardly satis- 
factory, as the shape is not so square as when finished in one press, and consequently the measure- 
ment is not so good. 

To obviate this objection the compound press, 1472. 

Figs. 1472 to 1474, has been designed, oy which the 

bale can be finished to the size required, without ' 

being removed from the press. Fig. 1472 is a ver- 

tical section, Fig. 1473 a section at X X, and Fig. ( OJ 1 1 

1474 at Y Y. The preliminary pressure is given to iS t 

the cotton through a ram of 11 in. diameter, which ; V i 

forces the bottom follower F upwards to within 5 or | (^^3 •' ( ) 

6 in. of the size of bale required. The bottom fol- | 

lower carries with it, whilst rising, tw o side pillars i P A ^ 

or supports, which are locked as soon as it reaches j I I 

the top of its stroke; these along with the 11-inch ; 

ram take the strain of the two 19-iiich rums HR, j % 

which now finish the bale from the top, working j i i 

downwards, and exerting a pressure upon it of 1700 I h T t 

tons. The bale produced by this press, although not ; S t====!rjlP Jrrrr — i! 

subjected to as great a pressure as when made by i 

the auxiliary finisher, njousures equally small in con- i ^ , i 

sequence of its better shape. i f4 \ 

The presses in India have had, on account of their j H 

height, to be placed in two-storied buildings, which 1 1 | jLZifr 

were a great expense, especially up country. To • jp w 

obviate this, a horizontal press has been designed ’ i ^ — "i ^ 

by R, Wilson, based upon tlie result of numerous ! \ j 

experiments, from which it has been found that the j r _ _ | 

pressure required to compress cotton, jute, and the • 1 j 

like, into half their natural bulk, is very slight, being : 1 1 

only about 3 to 4 lb. a sq. in. of surface exposed i I j 

to the pressure. The horizontal press, .of which Fig. it" 

1475 is a longitudinal section. Fig. 1476 a half plan, i I “ 

and Figs. 1477, 1478, sections on X X and Y X re- j |* 

spectively of Fig. 1476, is fitted with three rains, the j 1 

centre one 0 being 9 in. diameter and the two ont- I p * 

side ones RR each 14 in. diameter. The box B, in i I 

which the cotton or other fibre is placed, is reduced I I* 

to half the ordinary length, and increased to double j I 

the depth. A plate P descending by its own weight j I 

compresses the fibre in the box into half its original | L 

bulk, and having done so, forms the upper side of j j 

the box, and is secured in its place by locking bolts j 1 1 

L. Horizontal compression is then given endways, • 1 1 

first by the centre one of the three rams, until the • U •> 

resistance counterbalances it, after which the com- j 1 1 - 

pressioii is given by all three rams. The bale when I 1 1 

finished drops through a trap-door D at the bottom i y J I _ y 

of the box upon a truck, and is removed along a j A I ~ I . 

tram or roadway. This press weighs 47 tons, and ; l\J 1 1 

is capable of exerting a pressure of IlOO tons. : \ ^ M 

Naturally, as the presses increased in size the I I|3 ^ 

engines for supplying them with water were in- | j | 

creased likewise; but they were of a similar type to | ■ | 

those first c?mployod, until the introduction or the | ^ Ji" K 

compound press, when a very great improvement I j ^ ^ 

was effected by Wilson, by increasing the number i J ^ H , I'SI 

of direct-acting pumps from four, that is, one at each j [ Ky ^ B [ 

end of the piston rods of the pair of engines, to twelve, i nrf 

the effective number in operation at any time being i L r fl i y ,| 1 | I 9 I 

reduced as required to overcome the increase of • | I 

resistance in the press. The twelve pumps are all 

the same size as the four formerly used, and are |Ci«fiSS5SBi 

worked as follows. At the commencement of the 

operations, the pressure being slight, all twelve 

pumps are set to work until the resistance becomes — 

too groat, when one set of four pumps is relieved, fcUjj 

by opening a valve at tho distribution box of the * 

press, which allows the water to flow, without pres- 
sure, back into the tank from which it was drawn. 

The pumps now deliver less water at a higher pressure, until the resistance of the fibres in tlje 
press again counterbalances the power of the pumps ; four more of the pumps are now relieved, 
and the engine with its remaining four pumps and full pressure of water finishes the bale. 

The most usual method of forcing water into tho cylinders of cotton and other presses is by 

t 
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means of force pumps of, comparatively speaking, small stroke and diameter of plun^r, driven by 
gearing and run at a considerable number of strokes a minute. Under these circumstances, 
unless a ^eat number of pumps are used, the rate of travel of the press ram is extremely slow, not- 
withstanding that the number of strokes of the pump plungers is comparatively great ; and thus 
for every single stroke of the press there are often some hundreds of b^ts of the pump valves on 



The desirability of substituting some more direct mode of action, with a consequent reduction 
in the number of working parts in motion, has been for some time recognized. Many attempts 
have been made to overcome the defects above alluded to. Some engineers have used accumu- 
lators, adding sometimes an Intensifying arrangement, so that the pump valves are never subjected 
to the higher pressures ; others, by using direct-acting engines with pumps of a larger size, avoid 
the great wear and tear cdready referred to, as a necessary consequence of the use of small recipro- 
cating geared pumps ; others again have used steam power direct upon the presses for a portion of 
the stroke, and hydraulic power at the finish. 

The direct-acting steam and hydraulic arrangement, described by B. H. Tweddle before the 
Institute of Mechanical Engineers in 1878, overcomes the objections referred to, and in addition 
ensures further economy in speed and cost of working. « 

Fig. 1479 illustrates the action of the prossure-intensifying apparatus in connection with an 
ordinary hydraulic press. The working stroke of the press itself, which is not shown, may be 
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divided for the sake of illustratioii into six equal parts. It is aasnmed that the mMt intent 
pressure is required during the test one-sixth part. A and B are two steam cylinders ntt^ 
pistons E and F, and having at their, front ends the hydraulic cylinders 0 and D, in which work 
plungers G and H; tlie steam cylinders are of equal size, but the plungers G and H are of 
different area, their respective areas, as shown in the figure, being in the proportion of 
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5 to 1 ; and the combined cubic capacity of those plungers is assumed to be at least equal 
to that required for a full stroke of the press ram, a certain margin being added to make up for 
leakage. It is clear therefore that the lifting ram of the press worked by this pumping apparatus 
will rise five-sixths of its lift with one stroke of the plunger G, and that one stroke of the plunger 
H will complete the remaining one-sixth. The sizes of the steam pistons E and F being equtil, 
if the pressure of steam be the same on both, the pressure p(?r sq. in. on the water in the press 
will be five times greater when the piston F is forcing water in than it will be when the piston £ 
is acting. 

Now assuming the pistons E and F to be home at the back ends of their cylinders, os in 
Fig. 1479, and the press ram also to be at the bottom of its cylinder, it is evident that, if 
the pipes B and the hydraulic cylinders 0 and D are filled with water or other fluid practically 
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incompressible, any movements of the pistons E and F will move tho press ram ; and again, sup- 
posing that this ram, either by gravity or other means, is caused to return to the bottom of its 
cylinder, it is clear that the pistons E and F will also return , to their former positions ; therefore 
no inlet or outlet valves whatever are required, the same water being forced for wards and backwards 
between the press ram and the plungers G and H. The admission of steam to the pistons on the 
one hand, and the weight of the press ram and platen on the other, when the steam is exhausted, 
acting through the interposed water as a connection, produce the same effect as if the pistons and 
press ram were mechanically connected together by a rigid coupling. 

Fig. 1480 is of a pressure-intensifying apparatus and cotton press in elevation, and Fig, 1479 the 
same in part sectional plan. Fig. 1481 is a section of the valves P to U, and Fig. 1482 of the valve O. 

The two steam cylinders ore laid alongside of each other ; they may be placed horizontally or 
vertically, but are preferably placed at a sufficient angle, to cause the pistons and plungers to move 
readily towards the outer ends of their respective cylinders, when the steam is exhausted. 

Before commencing to press the bales, steam from the boiler is admitted into the cylinder B 
Fig. 1479, by opening the valve P ; this drives the piston F, and consequently the plunger H to 
the^ther or front end of the cylinder, thus raising the press rams 8 8, Fig, 1480, through# a co^ 
spending portion of their stroke. This is however only a preliminary stroke for the purpose of 
heating the cylinder, and enabling the steam just delivered at the book of the piston P, to betmns- 
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ferred to the other side of it. This is done by closing the pressure yalve P, aiid opening the 
equilibrium valve Q, through which the steam in the cylinder passes into the pipe M ; as it cannot 
get past the closed inlet valve T on the cylinder A, it passers up the i>ipe M to the front side of tlie 
piston F, which, partly by its own weight and partly by the pressure due to the press rams S S 
and their platen, transmitted through the water in the press cylinders and pipes, returns to the 
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outer end of the cylinder B. Supposing that the bale of cotton to be compressed is now placc'd in 
the press, the steam which has thus been merely transferred from the back to the front of the 

{ listen F, is allowed to enter the cylinder A by means of the valve T, and tlms drive the larger 
lydraulio plunger G forwards. This is done by opening the valve T, when the steam passes from 
tho cylinder B into the cylinder A, driving the piston E, and consequently its plunger G, forward 
until tho pressure in the two steam cylinders is in 
equilibrium, which of course is the case when the 
resistance opposed by the pressure on the plunger G, 
is equal to the pressure of steam 


__ ^ ^ - _ . - ^ on its piston E. 

As soon as the pressure of steam in tho cylinders A 
and B is equal, tho valve T falls bv its own weight ; 
and the valve P being opened, fresh steam from the 
boiler is admitted to the back of the piston F, driving 
forw'ard the smaller plunger H, any steam on the 
fiont side of this piston being exhausted direct into 
the atmosphere. The increased pressure duo to the 
smaller plunger closes the clack O, Figs. 1480, 1482, 
whicli acts as nn intermediate chock valve between 
the two water pressures; and thus the finishing 
pressure is given to the bale, or whatever may be 
in the press, and if necessary is maintained for any 
desired length of time. 

This volume of steam last admitted, after being 
transferred to the front side of the piston F, furnishes the steam required for the earlier part of 
the next stroke of the press, which, as before, is done by tho plunger G. The press ram being 
now raised to the height required, tho equilibrium valve Q is opened, and the steam at the buck of 
the piston F is transferred to the front of it, as before described ; the exhaust valve U and tho 
clack valve O ore also oj)ened at tho same time, and tho steam in the cylinder A is exhausted; 
the pistons E and F are then in position ready to commence the next pressing operation. Tho 
‘valves are all worked by one man by means of rocking shafts, and suitable means are provided to 
prevent the pistons E and F from coming into contact with the ends of their cylinders. 

The cotton press itself has two cylinders with the rams S S working upwards. Fig. 1480 ; these 
raise a crosshead, to which are attached strong wrought-iron links carrying the following table or 
platen j the casting on which the cylindei-s rest forms the top platen, and the water being forced 
into the cylinders raises the lower platen on which is placed tho cotton bale, and compresses the 
latter to the required density. 

The steam ovlinders are each 56 in. diameter; tho pressure of steam used is 80 lb, a sq. 
in, ; the area of each piston being 2463 sq. in., this multiplied by 80 gives 197,040 lb. total 
pressure on one piston. The smaller liydraulio plunger is 9| in. diameter or 74*66 sq. in. area; 

197 040 

and ~ ^^* ^ ^ pressure on the plunger. The press has two rams, each 

3 /; 2 
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22 in. diameter, the colleotive area of which = 760 sq. in. ; and 760 sq. in. x 2640 lb. a sq. inch 
= 2,006,400 lb. or 895 tons total prossare on the bale, with 80 lb. a sq. in. steam pressure in the 
boiler. With a pressure of 3 lb. a sq. in. in the steam cylinder all the weight and friction of 
parts are overcome ; and since each lb. a sq. inch of steam pressure represents a total pressure of 
2,006,400 80 = 25,080 lb. on the press rams, the total frictional resistances amount to only 

75,240 lb., or say 85 tons approximately. Deducting this from the total pressure of 895 tons, there 
remains 860 tons total efifectivo pressure on the bale. It must not bo forgotten moreover, that a 
part of the dead weight raised is utilized in returning the pistons and rams, after each pressing 
operation is over. 

Fig. 1483 is of the packing employed for the rams, Fig. 1469; Fig. 1484, that of the top rams, 
Fig. 1472. 

The durability of a cup-leather depends entirely on how it is applied. In the use of cup-loathers, 
for quick-running hydraulic pumping engines working under considerable pressure, H. Davey 
states that as commonly applied the cup-leathers give way very soon ; and on investigation he has 
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found that this arises from a springing or buckling action which takes place in the leather, from its 
not Ix'ing properly supjjorted. At first it was the custom to drop the leatlier into the recess, as in 
Fig. 1486, and support it underneath with a little ring or filling piece A, sometimes of wood and 
sometimes of cast iron or of brass, rounded to fit the inside of the leather. It was found that tlio 
leathers invariably gave way about tlie point B, and it appeared to Davey that they gave way 
there from a buckling action : during the upstroke of the ram the leather would be forced hard 
against it by the pressure until the top of the stroke was reached, and then on 
the reversal of the stroke until the ram liad received a little motion the leather 
would be stretched in the opposite direction. By putting a brass busk or saddle 
C, Fig. 1487, under the leather so as to supixirt it effectually underneath, turning 
the saddle exactly to fit the leather, the leathers will last three or four times as 
long. Anoth<;r point which contributes to the life of the leather is to pro- 
vide a very long bearing for the ram in the cylinder at D, Fig. 1488, immediately 
below the leather. When thus put in with a more accurate support, the leathers 
last three or four times as long as they formerly did, when not supported accu- 
rately. 

With respect to the material of which packing rings should be made, it appears 
that for low pressures, and with clean water and well bored cylinders, leather is 
a good and durable material, and instances are on record where leathers have 
been at work for more than two years, under a pressure of 750 lb. to the square 
inch ; but if used with dirty water leathers will soon wear out. Welch and 
Tweddle have made a number of experiments with packing rings shaped in the 
same U form as ^ cup-leathers, but made of various kinds of materials, including 
vulcanized iudiarubber, guttapercha, and leather. The results showed that india- 
rubber adhered to the ram and was torn to pieces in a few minutes ; guttapercha 
did not adhere, and lasted fairly well to about one-fifth of the time that leather 
would, and had the advantage that when worn out it could be remoulded, for 
it is only necessary to put it into boiling water, add more guttapercha, and then 
mould it into a fresh ring. With these guttaj^rcha rings they had hod a very 
curious experience. The exterior of the ring nad at first been moulded with full square comers 
at F F in Fig. 1485, while the interior was shaped so that the edge bearing against the ram 
was nearly twice as thick as the inner edge. When these rings wore put into the hydraulic 
machines, although they were a good fit they were not tight ; they leaked, sufficiently to show 
that they were not acting on the principle on which lipped rings were supposed to act. Tiiose 
identical rings wore then taken out, put in a lathe and rounded at the corners; and as soon 
as that was done they were perfectly tight ; showing that for a ring to work at the best advantage, 
it must be free from the ram at 4)ioso comers. This would also show that the tightness of the ring 
did not depend upon the direct pressure of the water behind it forcing it out laterally against the 
ram, but upon the pressure acting radially to the curve, and resolved into a direction tending to 
straighten out the semicircular curve of the bottom of the ring, and so giving a thrust in the lateral 
direction against the ram, as further shown by the fact that the wear took place only at the point G 
next to the ram. A gun-metal liner J had also been made to fit exactly to the shape of the inside 
of the ring; and there were a series of holes c^led right into the root of this liner tovadmit 
the water well into the interior of the ring. This, however, was not found to make a very great 
difference, because even without these holes the ring would never fit so tight upon the liner J 
but the water would pass in behind it. As to the leather rings, the great defect in many of tho 
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sections employed had been found to be that pointed out by Wilson, namely, that th<^ were made 
much too deep ; it is remarkable how shallow a ring will work with perfect success. From a large 
number of experiments Welch has deduced the following formulie, which give what ho has found 
to bo the best proportions for leather packing rings ; — 

T =0156R®*a^% D = 2-5T, W = D; 

in which R = diameter of ram, T = thickness of leather, D = total depth of ring, W = width of 
ring outside when of U section. It was absolutely necessary that leather rings should not bo 
strained in the moulding; and Welch found that it was the straining of them, by moulding 
them too much at one effort, which totally damaged the leather so tliat it was liable to 
crack soon afterwards, and to have no durability. Ho found it necessary to make a series of 
moulding boxes of successively increasing depth, and to mould the rings by gradual steps ; when 
they passed through the whole series of moulding boxes, much better and more permanent leathers 
were obtained, and the extra time expended on the mouldings was as nothing when compared 
with the extra duration of the rings. Ultimately, however, he had entirely done away with the cup- 
leather rings, and had adopted hemp pacldug instead, and he used nothing else now. The hemp 
packing he had used up to a pressure of one ton a sq. in., and it was found to be perfectly tight. 
He had hemp packing which had been at work for a year without being replenished at all, and 
there was as yet no sign of leaking. 

With regard to the breadth of the packing leathers, Wilson has found a great breadth was so much 
against the power of the leather to withstand crushing, and the leather is liable to crack and break 
wherever it becomes at all crushed, therefore he considers that the narrower the leather is the 
better, so long as it is water-tight. A breadth of only or J inch, as shown -^th scale in 
Fig. 1483, he lias found will secure the tigiitnoss of the leather quite as effectually as if it were 
an inch broad. The narrower the leather was, the longer it lasted, because the leather was pressed 
against the ram with the full pressure of the water behind it ; so that the broader the leather was, 
the greater was the total amount of friction to be overcome, and consequently the force tending 
to^ crush the leather longitudinally was proportionally greater, and caused it to be crushed by the 
friction of the r»im. Hence he had had rams covered with gun-metal, whereby less friction was 
occasioned, because the gun-metal surface was smoother ; and by that means economy was obtained 
in the leather, for where one leather working against a cast-iron ram would be destroyed in a 
few days, another working on gun-metal would last for months. That was a matter of groat 
inq^ortanoo in the rams. At the bottom, for a length of about 3 ft. from the end, where the heavy 
pressure came on, they were all covered with gun-metal and highly polished, whereby the wear 
and tear of the leather was much reduced. 

HYDROGEOLOGY, 

The study of the water-bearing capabilities of various strata is essential to the engineer who 
hfw to solve questions relating to the drainage of mines and the sinking of shafts for winning 
minerals, or for the execution of tunnels, or the supply water from depths below ground ; 
its object is to group together a number of observed geological facts appertaining to a particular 
district and consider them for engineering purpi)se8. Water exists in all water-bearing strata in 
certain forms and positions, and subject to a variation in height, duo to the inhuenoe of the seasons, 
and upon a ox:)nHid oration of these questions depend all our calculations relating to the depths of 
wells and the methods to be adopted in dealing with large beds of underground water. 

Nearly every civil engineer is familiar with the fact that certain 2 X)rous soils, such as sand or 
gravel, absorb water with rapidity, and that the ground composed of them soon dries up after 
showers. If a shaft be sunk in such soils, we often penetrate to considerable depths before wo meet 
with water ; but this is usually found on our approaching some lower part of the porous formation 
where it rests on an impervious bed ; for here the water, unable to make its "way downwards in a 
direct line, accumulates as in a reservoir, and is ready to ooze out into any opening which may be 
made, in the same manner as we see the salt water filtrate into and fill any hollow which we dig in 
the sands of the shore at low tide. A spritig, then, is the lowest point or lip of an underground 
reservoir of water in the stratification. 

The transmission of water through a porous medium being so rapid, wo may easily understand 
why springs are thrown out on the side of a hill, where the upper sot of strata consist of chalk, sand, 
ana other permeable substances, while those lying beneath are composed of clay or otlier retentive 
soils. The only difficulty, indeed, is to explain why the water does not ooze out everywhere along 
tlio lino of junction of the two formations so os to form one continuous land-soak, instead of a few 
springs only, and these oftentimes far distant from each other. The principal cause of such a 
concentration of the waters at a few points is, first the existence of inequalities in th(» upper surface 
of the impermeable stratum, which lead the water, as valleys do on the external surface of a country, 
into certain low levels and channels ; and secondly, the frequency of rents and fissures, which act 
os natural drains. That the generality of springs owe tlieir supply to the atmosphere is evident 
from this, that they vary in the different seasons of tlie year, becoming languid or entirely ceasing 
to flow after long droughts, and being again replenished after a continuance of rain. Many of 
them are probably indebted for the constancy and uniformity of tfflr volume, to the great extent of 
the subterranean reservoirs with which they communicate,* and the time required for these to empty 
themselves by percolation. Such a gradual and regulated discharge is exhibited, though iu a less 
perfect degree, in all groat lakes, for these are not sensibly affected in their levels by a sudden 
shower, but are only slightly raised, and their channels of efflux, instead of being swollen suddenly 
like the bed of a torrent, carry off the surplus water gradually. 

As instances of tho way in which the character of the strata may influence the water-bearing 
capacity of any given locality, we give the following examples ; — Fig. 1489 illustrates tlie causes 
which sometimes conduce to a limited supply of water in artesian wells. Rain descending on the 
outorop £ F of the porous stratum A, which lies between tho impervious stratum B B, will make its 
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appeoranoe in the fonn of a spring at S ; but such spring will not yield any great quantity of water, 
as the area E F, which receives the rainfall, is limiteid in its extent.. A well sunk at W, in a stra^m 
of the above description, would not be likely to furnish a large supply of water, if any. The effect 
of a fault is shown in Fig. 1490. A spring will in all probability make its appearance at the point 
S, and give large quantities of water, as the whole body of water flowing through the porous strata 



A is intercepted by being thrown against the impermeable stratum B. Permeable rock intersected 
by a dyke and overlying an impermeable stratum is seen in Fig. 1491, The water flowing through 
A, if intersected by a dyko I), will appear at S in the form of a spring, and if the area of A is of 
large extent, then the spring 8 will be very copious. As to the depth nocessary to bore certain 
wells, in a case similar to Fig. 1492, owing to the fault, a well sunk at A would reejuire to be sunk 
deeper tlian the well B, although both wells derive their supply from tlie same descrii»tion of strata ; 
or if there is a current of water only in one direction, then one of the wells would prove a failure 
owing to the proximity of the fault, while the other would furnish an abundant supply of water. 


1490. 



It should be borne in mind that there are two primary geological conditions upon which 
the quantity of water that may be supplied to tho water-bearing strata depends ; they are, the 
extent of superficial area presented by these deposits, by which the quantity of rain-water received 
on their surface in any given time is determined ; and the character and thickness of the strata, as 
hy this the proportion of water that can be absorbed, and the quantity which tho whole volume of 


1491. 



the permeable strata can transmit, is regulated. The operation of these general principles will 
constantly vary in accordance with local phenomena, all of which must, in each separate qfuie, bo 
taken into consideration. • , . . , - xx. 

The mere distance of hills or mountains need not discourage us from making trials ; for the 
waters which foil on these higher lands readily penetrate to great depths through highly inclined 
or vortical strata, or through the fissures of shattered rocks ; and after flowing for a great distance, 
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must reasoend and be brought up a^in by other fissures, so as to approach the surface in the lower 
country. Here they may to concealed beneath a covering of undisturbed horizontul beds, which it 
may bo necessary to pierce in order to reach them. The course of water fiowing underground is 
not strictly analogous to that of rivers on the surface, there being, in the one case, a constant descent 
from a higher to a lower level from the source of the stream to the sea ; whereas, in the other, 
the water may at one time sink far below the level of the ocean, and afterwards rise again high 
above it. 

For the purposes under consideration, we may range the various strata of which the outer crust 
of the earth is composed under four heads, namely : 1, drift ; 2, alluvion ; 3, the tertiary and 
secondary beds, composed of loose, arenaceous and permeable strata, impervious, argillaceous and 
marly strata, and thick strata 6f compact rock, more or less broken up by fissures, as the Norwich 
red and coralline crag, the Molasse sandstones, the Bagahot sands, the London clay, and the Woolwich 
beds, in the tertiary division ; and the chalk, chalk marl, gault, the greensands, the Wealden clay, 
and the Hastings sand ; the oolites, the lias, the Bhsetic l^ds, and Keuper, and the new red sand- 
stone, in the secondary division ; and 4, the primary beds, as the magnesian limestone, the lower 
red sand, and the coal measures, which consi^ mainly of alternating beds of sandstones and shales 
with coal. 

The first of these divisions, the drift, consisting mainly of sand and gravel, having been formed 
by the action of flowing water, is very irregular in thickness, and exists frequently in detached 
masses. This irregularity is due to the inequalities of the surface at the period when the drift was 
brought down. Hollows then existing would often be filled up, while either none was deposited on 
level surfaces, or, if deposited, was subsequently removed by denudation. Hence we cannot infer, 
when boring through deposits of this character, that the same, or nearly the same, thickness will be 
found at even a few yards distance. In valleys this deposit may exist to a great depth ; the slopes 
of hills are frequently covered with drift, which has either been arrested by the elevated surface, or 
brouglit down from the upper portions of that surface by the action of rain. In the former case 
the deposits will probably consist of gravel, and in the latter, of the same elements as the hill 
itself. 

The permeability of such bods will, of course, depend wholly upon the nature of the deposit. 
Some rocks produce deposits through which water percolates readily, while others allow a passage 
only through such fissures as may exist. Sand and gravel constitute an extremely absorbent 
medium, while an argillaceous deposit may bo wholly impervious. In mountainous districts 
springs may often be found in the drift ; their existenc.e in such formations will, however, depend 
upon the position and character of the rock strata; thus, if the drift cover an elevated and exten- 
sive slope of a nature similar to that of the rocks by which it is formed, springs due to infiltration 
through tliis covering will certainly exist near the foot of the slope. Upon the opposite slope, the 
small spaces which exist between the different beds of rock receive these infiltrations directly, and 
serve to oami)letely drain the deposit which, in the former case, is, on the contrary, saturated with 
water. If, however, the foliations or the joints of the rocks uiford no issue to the water, whether 
such a circumstance be due to the character of fheir formation, or to the stopping up of the issues 
by the drift itself, these results will not be produced. 

It will be obvious how, in this way, by passing under a mass of drift, the water descending from 
the top of hill slopes reappears at their foot in the form of springs. If now we suppose tliese issues 
stopp^, or covered by an imjjervious stratum of great thickness, and this stratum pierced by a boring, 
the water will ascend through this new outlet to a level above that of its original issue, in virtue 
of the head of water, measured from the points at which the infiltration takes place, to the point in 
which it is struck by the boring. 

Alluvion, like drift, consists of fragments of various strata carried away and deposited by 
flowing water ; it differs from the latter only in being more extensive and regular, and, generally, 
in being composed of elements brought from a great distance, and having no analogy with the 
strata with which it is in contact. Usually it cousists of sand, gravel, rolled pebbles, marls or 
clays. The older deposits often occupy very elevated districts, wliich they overlie throughout a 
large extent of surface. At the period when the large rivers were formed, the valleys were filled 
np with alluvial depr)sits, which at the present day are covered by vegetable soil, and a rich growth 
of plants, through which the water percolates more slowly than formerly. The permeability of these 
deposits allows the water to flow away subterraneously to a great distance from the points at which 
it enters. Borings are common in the alluvion, and, more frequently than in the case of drift, they 
can be founa by boring. As tlie surface, which is covered by the deposit, is extensive, the water 
circulates from a distance through permeable strata often overlaid by others tliat are impervious. 
If at a considerable distance from the points of infiltration, and at a lower leve l, a boring be put 
down, the water will ascend in the boro-hole in virtue of its tendency to place itself in equilibrium. 
Where the country is open and uninhabited, the water from shallow wells sunk in alluvion is 
generally found to be good enough and in sutficient quantity for domestic purposes. Tho strata of 
the tertiary and secondary beds, especially the latter, are lar more extensive than tho preceding, 
and yield much larger quantities of water. The chalk is the great water-bearing stratum for the 
larger portion of the south of England. The water in it can* bo obtained either by means of 
ordinary shafts, or by Artesian wells bored sometimes to great depths, from which the water will 
frequently rise to tho surface. It should be observed that water does not circulate through tho 
chalk by general permeation of the mass, but through fissures. A rule given by some for the level 
at which water may be found in this stratum is : Take the level of tlie highest source of supply, 
and that of tho lowest to be found. The mean level will be the depth at which water will be found 
at any intermediate point, after allowing an inclination of at least 10 feet a mile,’^ This rule will 
also apply to greensand. This formation contains large quantities of water, which is more evenly 
distributed than in the chalk. Tiio gault clay is interposed between the upper and the lower 
greensand, the latter of which also furnishes good 8Ui>plies. In boring into the upper greensand, 
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caution should be observed so as not to pierce the ganlt olav, because water which permeates 
through that system becomes either ferruginous, or contaminated by salts and other impurities. 

The next strata in which water is found are the upper and inferior oolites, between which 
are the Kimmeridge and Oxford clays, which are separated by the coral rag. There are instances 
in which the Oxford clay is met with immediately toIow the Kimmeridge, rendering any attempt 
at boring useless, because the water in the Oxford clay is generally so impure as to be unnt for usa 
And with regard to finding water in the oolite limestone, it is impossible to determine with any 
amount of precision the depth at which it may be reached, owing to the numerous fsults which 
occur in the formation. It will therefore be necessary to employ the greatest care before proceeding 
with any borings. Lower down in the order are the upper lias, the marlstone, the lower lias, and 
the new red sandstone. In the marlstone, between the upper and lower bods of the lias, there may 
be found a large supply of water, but the level of this is as a rule too low to rise to the surface 
through a boring. It will be necessary to sink shafts in the ordinary way to reach it. 

In the new red sandstone, to find the water, borings must be made to a considerable depth, 
but when this formation exists a copious supply may be confidently anticipated, and when found 
the water is of excellent quality. This formation is, next to the chalk and lower greensand, the 
most extensive source of water supply from wells in England, and although the two formations 
mentioned occupy a larger area, yet, owing to geographical position, the new red sandstone 
receives a more considerable quantity of rainfall, and, owing to the comparative scarceness of 
carbonate of lime, yields softer water. 

The new red sandstone is called on the Continent *• the Trias,*' as in Germany and parts of France 
it presents a distinct threefold division. Although the names of each of the divisions are commonly 
used, they are in themselves local and unessential, as the same exact relations between them do not 
occur in other remote parts of Europe as in England, and are not to bo looked for in distant 
continents. The names of the divisions and their English equivalents are ; — 

Keuper, or red marls. 

Muschelkalk, or shell limestones, not found in this country. 

Bunter sandstone, or variegated sandstone. 

The strata consist in general of red, mottled, purple or yellowish sandstones and marls, with 
beds of rock-salt, gypsum pebbles, and conglomerate. 

The region over which triassic rocks outcrop in England, stretches across the island from n point 
in the south-western part of the English Channel about Exniouth, Devon, north-north-eastward, 
and also from the centre of this band along a north-westward course to Liverpool, thence dividing 
and running north-east to the Tees, and north-west to Solway Firth. 

In Central Europe the trias is found largely developed, and in North America it covers an area 
whose aggregate length is some 700 or 800 miles. 

The beds, in England, may be divided as follows ; — 

Average tbiiknoss. 

Keuper — ^Red marls, with rock-salt and gypsum 1000 ft. 

Lower Keuper sandstones, with trias sandstones and marls, waterstones 250 „ 
Dolomitic conglomerate 000 „ 

Bunter — Upper red and mottled sandstone 300 „ 

Pebble beds, or uncompacted conglomerate 300 „ 

^ Lower rod and mottled sandstone 250 „ 

The Keu{^r series is introduced by a conglomerate often calcareous, passing up into brown, 
yellow, or white greenstone, and then into thinly laminated sandstones and marls. The other sub- 
divisions are remarkably uniform in character, except in the case of the pebble beds, which in the 
north-west form a light red pebbly building stone, but iu the central counties becomes generally an 
unconsolidated conglomerate of quartzose pebbles. 

The following tabulated form, duo to Edward Hull, shows the comparative thickness and 
range of the triassic series along a south-easterly direction from the estuary of the Mersey, and 
also shows the thinning away of all the triassic strata from the north-west towards the south- 
east of England, which Hull was amongst the first to demonstrate. 


Table I. — Thickness and Range of tm Trias in a South-easterly Direction 

FROM THE Mersey. 


Names of Strata. 

Tjancashire and 
West Cheshire. 

Staffurdsbire. 

Leicestershire 

and 

Warwickshire. 

Keuper series — Red marl 

Lower Keuper sandstone 

Bunter series — Upper mottled sandstone 

Pebble beds 

Lower mottled sandstone 

feet. 

8000 

450 

500 

500-750 

200-500 

feet. 

800 

200 

50-200 

100-300 

O-lOO 

feet, 

700 

150 

absoTit. 

0-100 

absent. 


The formation may be looked upon os almost equally permeable in all directions, and the whole 
ma^ may be regarded as a reservoir up to a certain level, from which, whenever wells are sunk, 
water will always be obtained more or less abundantly. This view is very fairly l>ome out by 
expenence, and the occurrence of the water is certainly not solely due to the presence of the fissures 
or joints traversing the nwk, but to its permeability, which, however, varies in different districts. 
In the neighbourhood of Liverpool the rock, or at least the pebble bed, is less porous than in the 
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neighbourhood of Whitmoro, Nottingham, and other parts of the Midland Counties, where it 
becomes either an unconsolidated conglomerate or a soft crumbly sandstone. Yet wells sunk even 
in the hard building stone of the pebble beds, either in Cheshire or Lancashire, always yield water 
at a certain variable depth. Beyond a certain depth the water tends to decrease, as was the case in 
the St. Helen’s public well, situated on Eccleston Hill. At this well an attempt was made, in 
1868, to increase the supply by boring deeper into the sandstone, but without any good result. 
When water percolates downwards in the rock we may suppose there are two forces of an antagonistic 
character brought into play ; there is the force of fWction, increasing with the. depth, and tending 
to hinder the downward progress of the water, while there is the hydrostatic pressure tending to 
force the water downwards, and we may suppose that when equilibrium has been establiidiod 
between these two forces, the further percolation will cease. 

The proportion of rain which finds its way into the rock in some parts of the country must be 
very large. When the rock, as is generally the case in Lancashire, Cheshire, and Shropshire, is 
partly overspread by a coating of dense boulder clay, almost impervious to water, the quantity pro- 
bably does not exceed one-third of the rainfall over a considerable area ; but in some parts of the 
Midland Counties, where the rock is very open, and the covering of drift scanty or altogether absent, 
the percolation amounts to a much larger proportion^jprobably one-half or two-thirds, as all the 
rain which is not evaporated passes downwards. The new red sandstone, as remarked, may 
be regarded, in respect to water supply, as a nearly homogenous mEiss, equally available throughout ; 
and it is owing to this structure, and the almost entire absence of beds of impervious clay or marl, 
that the formation is capable of affording such large supplies of water ; for the rain which falls on 
its surface and penetrates into the rook is free to pass in any direction towards a well when sunk in 
a central position. If we consider the rock as a mass completely saturated with water through a 
certain vertical depth, the water being in a state of equilibrium, when a well is sunk, and the water 
pumped up, the state of equilibrium is destroyed, and the water in the rock is forced in from all 
sides. 

The percolation is, doubtless, much facilitated by joints, fissures, and faults, and in cases where 
one side of a fault is composed of impervious stmta, such as the Keuper marls, or coal measures, the 
quantity of water pent up against the face of the fault may be very large, and the positions often 
mvourablo for a well. An instance of the effect of faults in the rock itself, in increasing the supply, 
is afforded in the case of the well at Flaybrick Hill, near Birkenhead. From the bottom of this well 
a heading was driven at a depth of about 160 ft. from the surface, to cut a fault about 150 ft. 
distant, and upon this having been effected the water flowed in with such impetuosity that the 
supply, which had been 400,000 gals, a day, was at once doubled. 

The water from the new red sandstone is clear, wholesome, and pleasant to drink ; it is also well 
adapted for the purposes of bleaching, dyeing, and brewing; at the same time it must be admitted 
that its qualities as regards hardness, in other words, the proportions of carbonates of limes and 
magnesia it contains, are subject to considerable variation, depending on the locality and composi- 
tion of the rock. As a general rule, the water from the new red sandstone may be considered as 
occupying a position intermediate between the hard water of the chalk, and tho soft water supplied 
to some of our large towns from the drainage of mountainous tracts of tho primary formations, of 
which the water supplied from Loch Katrine to Glasgow is perhaps the purest example, containing 
only 2 ’ 35 grains of solid matter to the gallon. Having besides but a small proportion of saline 
ingredients, which, while they tend to harden the water, are probably not without benefit to the 
animal economy, the water supply from the new red sandstone possesses incalculable advantages 
over that from rivers and surface drainage. Many of our largo towns are now partially or entirely 
supplied with water pumped from deep wells in this sandstone ; and several from copious springs 
gushing forth from the rook at its junction with some underlying impervious stratum belonging to 
the primary series. 

Every permeable stratum may yield water, and its ability to do this, and the quantity it can 
yield, depend upon its position and extent. When underlaid by an impervious stratum, it consti- 
tutes a reservoir of water from which a supply may be drawn by means of a sinking or a bore-hole. 
If the permeable stratum be also overlaid by an impervious stratum, tho water will bo under pres- 
sure and will ascend the bore-hole to a height that will depend on the height of tho points of filtra- 
tion above the bottom of tho bore-hole. The quantity to oe obtained in such a case, as we have 
already pointed out, will depend upon the extent of surface possessed by the outcrop of the permeable 
stratum. In searching for water under such conditions a careful examination of the geological 
features of the district must be made. Frequently an extended view of the surface of the district, 
such as may bo obtained from an eminence, and a consideration of the particular configuration of 
that surface, will be sufficient to enable the practical eye to discover the various routes which are 
followed by the subterranean water, and to predicate with some degree of certainty that at a given 
point water will bo found in abundance, or that no water at all exists at that point. To do this, it 
is Bufiicient to noto the dip and the surfaces of the strata which are exposed to the rains. Wlien 
these strata are nearly horizontal, water can penetrate them only through tlioir fissures or pores ; 
when, on the contrary, they lie at right angles, they absorb tho larger portion of the water that falls 
upon their outcrop. When such strata are intercepted by valleys numerous springs will exist. 
But if, instead of being intercepted, the strata rise around a common point, they form a kind of 
irregular basin, in the centre of whioli the water will accumulate. In this case the surface springs 
will be less numerous than when the strata are broken. But it is possible to obtain water under 
pressure in the lower portions of the basin if the point at which the trial is made is situate below 
the outcrop. 

The primary rooks afford generally but little water. Having been subjected to violent convul- 
sions, they are thrown into every possible position and broken by numerous fissures ; and as no per- 
meable stratum is interposed, as in the more recent formations, no reservoir of water exists. In tho 
unstratified rooks, tho water circulates in all directions through the fissures that traverse them, and 

'# N^WaB SAUAH viUNG BAHADUR 



762 


HYDEOGBOLOGY. 


thus occupies no fixed level. It is also impossible to discover by a surface examination where the 
fissures may be struck by a boring. For purposes of water supply, therefore, these rocks are of little 
importance. It must be remarked here, however, that large quantities of water are frequently met 
with in the magnesian limestone and the lower red sand, which form the upper portion of the 
primary series. 

Joseph Prestwich, jun., in his * Geological Inquiry respecting the Water-bearing Strata round 
London,’ gives the following valuable epitome of the geological conditions affecting the value of 
water-]^aring deposits ; an^ although the illustrations are confined to the tertiary deposits, the 
same mode of inquiry will apply with but little modification to any other formation. 

The main points are ; — 

The extent of the superficial area occupied by the water-bearing deposit. 

The lithological chai^ter and thickness of the water-bearing deposit, and the extent of its 
underground range. 

The position of the outcrop of the deposit, whether in valleys or hills, and whether its outcrop is 
denuded, or covered with any description of drift. 

The general elevation of the country occupied by this outcrop above the levels of the district in 
which it is proposed to sink wells. 

The quantity of rain which falls in the district under consideration, and whether, in addition, it 
receives any portion of the drain^e from adjoining tracts, when the strata are impermeable. 

The disturbances which may a&ct the water-bearing strata, and break their continuous character, 
as by this the subterranean fiow of water would bo impeded or prevented. 

To proceed to the application of the questions in the particular instance of the lower tertiary 
strata. With regard to the first question, it is evident that a scries of permeable strata encased 
between two impermeable formations can receive a supply of water at those points only where they 
crop out and are exposed on the surface of the land. The primary conditions affecting the result 
depend upon the fall of rain in the district where the outcrop takes place ; the quantity of rain- 
water which any permeable strata can gather being in the same ratio as their respective areas. If 
the mean annual fall in any district amounts to 24 in., then each square mile will receive a daily 
average of 950,947 gallons of ruin water. It is therefore a matter of essential importance to asc/(;rtain, 
with as much accuracy as possible, the extent of exposed surface of any water-bearing deposit, so as 
to determine the maximum quantity of rain water it is capable of receiving. 

The surface formed by the outcropping of any deposit in a country of hill and valley is neces- 
sarily extremely limited, and it would be difficult to measure in the ordirmry way. Prestwich 
therefore used another method, which seems to give results sufficiently accurate for the purpose. 
It is a plan borrowed from geographers, that of cutting out from a map on paper of uniform tiiick- 
ness and on a large scale, say one inch to the mile, and weighing the superficial area of each 
deposit. Knowing the weight of a square of 100 miles cut out of the same paper, it is easy to esti- 
mate roughly the area in square miles of any other surface, whatever may be its figure. 

Mineral Character of the Furimtion, — The second question relates to the mineral cliaracter of the 
formation, and the effect it will have upon the quantity of water which it may hold or transmit. 

If the strata consist of sand, water will pass through them with facility, and they will also hold 
a considerable quantity between the interstices of their component grains ; whereas a bod of pure 
clay will not allow of the passage of water. These are the two extremes of the case ; the inter- 
mixture of these materials in the same bed will of course, according to their relative proportions, 
modify the transmission of water. Prestwich found by experiment that a siliceous sand of ordinary 
character will hold on an average rather more than one-third of its bulk of water, or from two to 
two and a half gallons in one cubic foot. In strata so composed the water may be termed free, as 
it passes easily in all directions, and under the pre^ure of a column of water is comparatively but 
little impeded by capillary attraction. These are the conditions of a true permeable stratum. 
Where the strata are more compact and solid as in sandstone, limestone, and oolite, although all 
such rocks imbibe more or less water, yet the water so absorbed does not pass freely through the 
mass, but is held in the pores of the rock by capillary attraction, and parted with very slowly ; so 
that in such deposits wator can be freely transmitted only in the planes of bedding and in fissures. 
If the water-bearing deposit is of unilorm lithological character over a largo area, then the propo- 
sition is reduced to its simplest form ; but when, as in the deposit between me London clay and the 
chalk, the strata consist of variable mineral ingredients, it becomes essential to estimate tho 
extent of these variations ; for very different conclnsions might be drawn from an inspection of the 
lower tertiary strata at different localities. 

In the fine section ex^sed in the cliffs between Herne Bay and the Beculvers, in England, a 
considerable mass of fossil if erous sands is seen to rise from beneath the London clay. Fig. 1493 
represents a view of a portion of this cliff a mile and a half east of Heme Bay and continued down- 
wards, by estimation, below the surface of the ground to the chalk. In this section there is evi- 
dently a very large proportion of sand, and consequently a large capacity for water. Again, at 
Upnor, near Eocli ester, the sands marked 3 are as much as 60 to 80 ft. thick, and continue so to 
Gravesend, Purfleet, and Erith. In the first of these places they may be seen capping Windmill 
Hill ; in the second, forming the hill, now removed, on which the lighthouse is built ; and in tho 
third, in the lar^e ballast pits on the banks of the Biver Thames. The average thickness of these 
sands in this district may be about 50 to 60 ft. In their range from east to west, the beds 2 
become more clayey and l^s permeable, and 1, very thin. As we approach London, the thickness 
of 3 also diminishes. In the ballast pits at the west end of Woolwich, this sand-bed is not more 
than 35 ft. thick, and as it passes under London becomes still thinner. 

Fig. 1494 is a general or average section of the strata on which London stands. The increase 
in the proportion of the argillaceous strata and the decrease of tho beds of sand, in the lower 
tertiary strata, is here very apparent, and from this point westward to Hungerford, clays decidedly 
predominate ; while at tho same time the series presents such rapid variations, even on the same 
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level And at short distanoos, that no two sections are alike* On the southern boundary of the 
tertiary district* from Oroydon to Leatherhead, the sands 3 maintain a thickness of 20 to 40 ft., 
whilst the associated beds of clay are of inferior importance. We will take another section, 
Fig. 1495, representing the usual features of the deposit in the northern part of the tertiary district. 

1494. 



It is from a cutting at a brickfield west of the small village of Hedgf-rley, six miles northward of 
Windsor. 

Here we see a large development of the mottled clays, and but little saiifl. A somewhat similar 
section is exhibited at Oak End, near Ohalfout St. Giles. But to show how rapidly this series 
changes its character, the section of a pit only a third of a mile westward of the one at Iledgerlcy 
is given in Fig. 1496. 

In this latter section the mottled clays have nearly disappeared, and are replaced by beds of 
sand with thin seams of mottled clays. At Twyford, near Beading, and at Old Basing, near 
Basingstoke, the mottled clays again occupy, as at Hedgerley, nearly the whole space Iwtween the 
Liondon clays and the chalk. N« ar Reading, a good section of tliese beds was exhibited in tho 
Sonning cutting of the Great Western Railway ; they consisted chiefly of mottled clays. At tho 
Katsgrove Pits, Reading, tho beds are more sandy. Referring back to Fig. 1494, it may be 
noticed that there is generally a small quantity of water found in the bed marked 1 in parts of tho 


1406. 1497. 



neighbourhood of London. Owing, however, to the constant presence of green and ferruginous 
sands, traces of vegetable matters and remains of fossil shells, the water is usualN indiflerent and 
chalybeate. The well-diggers term this a slow spring. They well express the diflference by saying 
that the water creeps up from this stratum, whereas that it bursts up from the lower sands 3, 
which is the great water-bearing stratum. In the irregular sand beds iuterstratified with the 
mottled clays between these two strata water is also found, but not in any large quantity. 

Fig. 1497 is a section at the western extremity of the tertiary district at Pebble Hill, near 
Hungerford. Here again the mottled clays are in considerable force, sands forming the smaller part 
of the series. 

The Tables II. and HI. exhibit tho aggregate thickness of all tho beds of sand between the 
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London olay and the chalk at yarions localities in the tertiary district. It will appear from them 
that the mean results of the whole are very different from any of those obtained in separate divisions 
of the country. The mean thickness of the deposit throughout the whole tertiary area may he 
taken at 62 ft, of which 36 ft. consists of sands and 26 it. of clays ; but as only a portion of this 
district contributes to the water supply of l^ondon, it will facilitate our inquiry if we divide it into 
two parts, the one westward of and including London, the other eastward of it, introducing also 
some fuilher subdivisions into each. 


Table II. — ^Measubement op Seotionb Eastward op London. 


Southern Boundary. 

Sand. 

Clay. 

Northern Boundary. 

Sand. 

Clay. 


ft. 

ft 


ft. 

ft 

Lewisham 

65 

26 

Hertford 

26 

3 

Woolwich 

66 

18 

Beaumont Green, near Hoddes-l 

16 

10 

IJpnor 

80? 

8 

don j 

Herne Bay 

70? 

50 

Broxboume 

28 

2 



Gestingthorpe, near Sudbury .. 


? 




Whitton, near Ipswich 

■a 

! 5 

Average .. .. 

70 

25 

Average . . 

36 

5 


The mean of the three columns in two western sections gives a thickness to this formation of 
57 ft., of which only 19 ft. are sand and permeable to water, and the rcmuiniug 38 ft. consist of 
impermeable clays, affording no supply of water. 

The area, both at the surface and underground, over which they extend, is about 1086 square 
miles. 

Table in. — Measurement of Secttions Westward of London. 


On or near the 
Stiulhem Boundary of 
tho Tertiary District. 

Sand. 

Clay. 

On a Central Tdne in the 
Tertiary District. 

Sand. 

Clay. 

On or near the Northern 
Boundary of the Tortiary 
District 

Sand. 

Cluy. 


ft. 

ft. 

Sand. Clay. 

ft. 

ft. 


ft. 

ft. 

Streatham . . 

30 

25 

London : — ft* ft* 



Hatfield 

2.3 

2 

Mitcham . . 

47 

34 

Millbank .. 49 40 



Watford 

25 

10 

Croydon . . 

35? 

20? 

Trafalgar 1 



Pinoor 

12 

32 

Epsom 

31 

23 

Square 



Oak End, Ohalfont St.l 

Q 

40 

Petcham . . 

35 

20 

Tottenham 

Court 



Giles / 

O 

Guildford .. 

10? 

40 



Hedgorloy, near Slough 

5 

45 

Ob inham, nearl 
Basingstoke . . / 

20? 

30 

Pentonvillo . . 34 44 
Barclay’s l-g 

1 46 

39 

Sturveall „ „ 

Twyford 

13 

5 

20 

60 

Itchingswel) ,ncar 1 

22 

1 

34 

Brewery ../ 

1 


Sonning, near Reading 

12 

54 

Kingsclere 
Highclore .. 

‘’SS ,.)®“ 

1 

t 


Bending 

16 

33 

1 24 

27 

1 


Newburv 

20 

36 

Pebble Hill, nearl 

i 

9 

39 

The Mint .. 49 38 

1 


Pebble Hill .. .. 

9 

39 

Hungerford . . / 

Whitechapel 45 50^ 
Garrett, near Wauds-l 
worth ) 

i 

1 

; 20 

52 









Isleworth .. 

17 

70 







Twickenham . . 

7 

50 







Chobham 

3 

45 


* 


Average 

j 

26 

29 

Average . . 

18 

1 

51 

Average . . 

13 

34 


The average total thickness of the eastern district deduced from the nine sections we have taken 
gives 68 ft., of which 53 ft. are sands and 15 ft. clays. The larger area, 1849 square mib'S, over 
which the eastern portion of the tertiary scries extends, and the greater volume of the water- 
bearing beds, constitute important differences in favour of this district ; and if there liad been no 
geological disturbances to interfere with the continuous character of the strata, we might have 
looked to this quarter for a large supply of water to the artesian wells of London. 

Prom these tables it will be readily perceived that the strata of which the water-bearing 
deposits are composed are very variable in their relative thickness. They consist, in fact, of 
alternating beds of olay and sand, in proportions constantly changing. In one place, as at 
Hodgerley, the aggregate beds of sand may be 5 ft. thick, and the clays 45 ft. ; whilst at another, 
as at Leatherhead, the sands may be 35 and the clgys 20 ft. thick, and somo such variation is 
observable in every locality. But although we may thus in some measure judge of the capacity of 
these beds for water, this method fails to show wnether tho communication from one part of the 
area to another is free, or impeded by causes connected with mineral character. Now as we know 
tlmt these beds not only vary in their thickness, but that they also frequently tliin out, and some- 
times pass one into another, it may happen that a very large development of clay at any one [daco 
may altogether stop the transit of the water in that locality. Thus in Pig. 1498 the Ijcds of sand iit 
y allow of the free passage of water, but at a?, whore clays occupy tho whole thickness, it cannot 
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pass ; the obstruction which this cause may offer to the underground flow of water can only be 
determined by experience. It must not, however, be supposed that such a variation in the strata 
is permanent or general along any given line. It is always local, some of the beds of clay 
commonly thinning out after a certain horizontal range, so that, although tlie water may be 
impeded or retarded in a direct course, it most probably can, in part altogether, pass round by 
some point where the strata have not undergone the same alteration. 

Position and Qcneral Conditions of the Outcrop , — This involves some considerations to which an 
exact value cannot at present be given, yet which require notice, as they to. a great extent 
determine the proportion of water which can pass from the surface into the mass of the water* 



bearing strata. In the first place, when the outcrop of these strata occurs in a valley, as represented 
in Fig. 1499, it is evident that 6 may not only retain all the water which might fall on its surface, 
but also would receive a ijroportion of that draining off from the strata of a and c. This form of 
the surface generally prevails wherever the water-l^aring strata are softer and less coherent than 
the strata above and below them. 

It may be observed in the lower tertiary series at Sutton, Oarshalton, and Croydon, where a 
small, shallow valley, excavated in these sands and mottled clays, ranges parallel with the chalk 
hills. 

It is apparent again between Epsom and Leatherhoad, and also in some places between Guild- 
ford and Famham, as well as between Odiham and Kingsclere. The Southampton Railway 
crosses this small valley on an cmliankment at Old Basing. 

This may bo considered os the prevailing, but not exclusive, form of structure from Croydon to 
near Hungerford. The advantage, however, to be gained from it in point of water-supply is much 
limited by the rather high angle at which the strata are inclined, as well as b> then* small 
development, which greatly restrict the breadth of the surface occupied by the outcrop. It rarely 
exceeds a quarter of a mile, and is generally very much lesi^ often not more than 100 to 200 feet. 
The next modification of outcrop, represented in Fig. 1500, is one not uncommon on the south side 
of the tertiary district. The strata h here crop out on the slope of the chalk hills, and the rain 
falling upon thorn, unless rapidly absorbed, tends to drain at once from their surfiice into the 
adjacent valleys. V, L shows the line of valley level. 

This arrangement is not unfrequent between Kingsclere and Inkpon, and also between Guild - 
for<l and Lcatherhead. Eastward of London it is exhibited on a larger scale at the base of the 
chalk bills, in places between Chatham and Faversham, a line along which the sands of the lower 

1600. 1601. 


X 


tertiary strata, 6, arc more fully developed than elsewhere. As, however, the surface of h is there 
usu^ly more coincident with the valley level, Y, L, of the ddstrict, it is in a better position 
for retaining more of the rainfall. 

A third position of outcrop, much more unfavourable for the water-bearing strata, prevails 
generally along the greater part of the northern boundary of the tertiary strata. Instead of 
forming a valley, or outcropping at the base of the chalk hills, almost the whole length of this out- 
crop lies on the slope of the nills, as in Fig. 1501, where the chalk c forms the base of the hill and 
the lower ground at its foot, whilst the London clay, a, caps the summit, thus restricting the out- 
crop of 6 to a very narrow zone and a sloping surface. This form of structure is exhibited in the 
hills round Sonning, Reading, Hedgerley, Rickmansworth, and Watford ; thence by Shenley Hill, 
Hatfield, Hertford, Sudbury ; and also at Hadleigh this position of outcrop is continued. If, as on 
the southern side of the tertiary district, the outcrojj were continued in a nearly unbroken line, 
then these unfiaivourable conditions would prevail uninterruptedly ; but the hills are in broken 
groups, and intersected at short distances by transverse valleys, as that of the Kennet at Reading, 
of the Loddon at Twyford, of the Colne at Uxbridge, and so on. Between Watford and Hatfield 
there is a constant succession of small valleys running back for short distances from the lower 
district of the chalk, through the hills of the tertiary district. The valley of the Lea at Bourdon 
and Hoddesdon is a similar and stronger case in point. The effect of these transverse valloys is to 
ix>int out a larger surface of the strata 6 than would otherwise be exposed, for if the horizontal line 
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V L, Fig. 1601, wore carried back beyond the ^int a? to meet the prolongation of 6, then these lower 
tertiary strata would not only be intersected by the line of valley level, but would form a much 
smaller angle with the plane Y L, and therefore spread over a larger area than where they crop out 
on the side of the hills. 

The foregoing are the throe most general forms of outcrop, but occasionally the outcrop takes 
place wholly or partially on the summit of a hill, as, near tiie Boculvcrs, in the neighbourhood of 
Canterbury, of Sittingboume, and at the Addington Hills, near Croydon, in which oases the area of 
the lower tertiary is expanded. When the dip is very slight, and the beds nearly horizontal, the 
lower tertiary sands occasionally spread over a still larger extent of surface, as between Stoke 
Pogis, Burnham Common, and Boaconsfield, and in the case of the flat-topped hill, forming Black- 
heath and Bexley Heath, as in Fig. 1502. Favourable as such districts might at flrst appear to 
be from the extent of their exposed surface, nevertheless they rarely contribute to the water supply 






of the wells sunk into the lower tertiary sands under I-ondon, the continuity of the strata being 
broken by intersecting valleys : thus the district last mentioned is bounded on the nortli by the 
valley of the Thames, on the west by that of Bavensbourne, and on the east by the valley of the 
Cray ; consequently the rain water, whicli has been absorbed by the very permeable strata on the 
intermediate higher ground, passes out on the sides of the hills, into the stjuare channels in the 
valleys, or into the chalk. Almost all the wells at Bexley Heath, for their supply of water, have, 
in fact, to be sunk into the chalk through the overlying 100 to 133 ft. of sand and pobble beds 6, 

Thus far we have considered this question as if, in each instance, the outcropping edges of the 
water-bearing strata, 6, were laid bare, and presented no impediment to tlie absorption of the rain- 
W'ater falling immediately umm their surface, or passing on to it from some more impermeable 
deposits. But there is another consideration which influences materially the extent of the water 
supply. 

If the strata b were always bare, we should have to consider their outcrop as an absorbent 
surface, of power varying according to the lithological character and dip of the strata only. But 
the outcropping edges of the strata do not commonly present hare and denuded surfaces. Thus a 
large extent of the country round London is more or less covertal by beds of drift, which protect 
the outcropping betls of 6, and turn off a portion of the water falling upon them. 

The drift differs considerably in its power of interference with the passage of the rain water 
into the strata beneath. The ochreous sandy flint gravel, forming so generally the subsoil of 
London, admits of the passage of water. All the shallow surface springs, from 10 to 20 ft. deep, 
are produced by water which has fallen on, and passed through, this gravel, Fig. 1503, down to 
the h)p of the London clay, a, on the irregular surface of which it is held up. 

When the London clay is wanting, this gravel lies immediately upon the lower tertiary strata, 
as in the valley between Windsor and Maidenhead, and in that of the Kennot between Newbury and 
Thatcham, transmitting to the underlying strata part of the surface water. Where beds of brick 
earth occur in the drift, as between West Drayton and Uxbridge, the 'passage of the surface water 



into the underlying strata is intercepted. Sometimes the drift is composed of gravel mixed very 
irregularly with broken-up London clay, and although commonly not more than 3 to 8 ft. thick, it is 
generally impermeable; Over a considerable portion of Suffolk and part of Essex, a drift, composed 
of coarse and usually light-coloured sand with fine gravel, occurs. Water percolates through it with 
extreme facility, hut is generally covered by a thick mass of stiff tenacious bluish-grey clay, per- 
fectly impervious. This clay drift, or boulder clay, caps, to a depth of from 10 to 60 ft. or more, 
almost all the hills in the northern division of Essex, and a large jportion of Suffolk and Norfolk. 
It so conceals the underlying strata that it is difficult to trace the course of the outcrop of the lower 
tertiary sands between Ware and Ipswich ; and often, as in Fig. 1504, notwithstanding the breadth, 
apart from this cause of the outcrop of the tertiary sands, 6, and of the drift of sand and gravel, 2, 
they are both so covered by the bolder clay, 1, the small surface exposed can be of compara- 
tively little value. 

There are also, in some valleys, river deposits of silt, mud, and gravel. These are, however, of 
little importance to the subject before us. Under ordinary conditions they are generally sufficiently 
impervious to prevent the water from passing through the beds beneath. 

The height of the districts, wherein the water-baring strata crop out, above that of the surface 
of the country in which the wells are placed, should be made the subject of careful c^onsideration, 
as u^n this point depends the level to which the water in shafts or wells may ascend. When 
inquiring into the probable relative value of any water-bearing strata, it is necessary to compare the 
i-ninfall in their respective districts. 
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The last question to be considered relates to the disturbances which may have alTeoted the strata : 
for whatever may be the absorbent power of the strata, the yield of water will be more or less 
diminished whenever the channels of oommunioation have suffered break or fracture. 

If the strata remained continuous and unbroken, we should merely Imve to ascertain the dimen- 
sions and lithological character ; if the strata is broken, the interference with the subterranean 
transmission of water will be proportionate to the extent of the disturbance. 

Although the tertiary formations around London have probably suffered less from the action of 
disturbing forces than the strata of any other district of the same extent in England, yet they 
nevertheless now exhibit considerable alterations from their original position. 

The principal change has been that which, by elevation of the sides or depression of the centre 
of the district, gave the tertiary deposits their present trough-shaped form, assuming it not to be the 
result of original deposition, If no further change had taken place, wo might have expected to find 
an uninterrupted communication in the lower tertiary strata from their northern outcrop at Hertford 
to their southern outcrop at Oroydon, as well as from Newbury on the west to the sea on the east ; 
and the entire length of 260 miles of outcrop would have contributed to the general supply of water 
at the centre. 

But this is far from being the case ; several disturbing causes have deranged the regularity of 
original structure. The principal one has caused a low axis of elevation, or rather line of flexure 
running oast and west, following nearly the course of the Thames from the Nore to Deptford, and 
apjmrently continued thence beyond Windsor. It brings up the chalk at Cliff, Purfleet, Woolwich, 
and Loumpit Hill to varied but moderate elevations above the river level. Between Lewisham and 
Deptford the chalk disappears below the tertiary series, and does not come to the surface tilt we 
reach the neighbourhood of Windsor and Maidenhead. 

There is also, probably, another line of disturbance running between some points north and 
south, and intersecting tne first line at Deptford. It passes apparently near Beckenham and 
Lewisham, and then, crossing the Thames near Deptford, continues up a part, if not along the whole 
length of the valley of the Lea towards Hoddesdon. This disturbance appears in some places to 
have resulted in a fracture or a fault in the strata, placing the beds on the east of it on a higher 
level than those on the west ; and at other places merely to have produced a curvature in the strata. 
Prcstwich states that he was unable to give its exact course, but its eftect, at all events upon the 
water supply of London, is important, as, in conjunction with the first or Thames valley dis- 
turbance, it cuts off the supplies from the whole of Kent, and interferes most materially with the 
supply from Essex ; for in its course up the valley of the Lea it cither brings up the lower tertiary 
strata to the surface, as at Stratford and Bow, or else, as farther up the valley, it raises them to 
within 40 or 60 ft. of the surface. 

The tertiary district thus appears, on a general view, to be divided naturally into four portions 
by lines running nearly north and south, the former line passing immediately south, and the latter 
east of London, which stands at the south-east comer of tho north-western division, and conse- 
quently it must not be viewed os the centre of one large and unbroken area, so far as the tertiary 
strata are concerned. 

INDICATOR. 

In testing or experimenting with a steam engine we ore compelled, in most cases, to accept as final 
the results given by the indicator. Only now and then do circumotances allow a comparison to be 
made between a pressure measured directly, and the same pressure estimated from tho compression 
of the spring, ana even in these few cases tho direct measurement of tho pressure is generally made 
only by a Bourdon gauge, which, if there be a discrepancy, is quite as likely to be incorrect as the 
indicator spring. It is seldom possible to check the indications of a spring, or obtain an approxi- 
mate value to its error. 

Bemdt, of Chemnitz, has however, during 1874-76, mode a series of experiments, wliich are of 
importance, as to the matter in question. 

Those investigations were intended to give information as to how far the springs are, in themselves, 
perfectly elastic within their working limits, both at the usual temperature and when heated ; how 
far their whole behaviour in the indicator cylinder, under steam, agrees with or differs from their 
behaviour when tested free, hot or cold ; to what extent such differences could be traced to piston 
friction, pencil Motion, or other more or less preventible or measurable causes ; whether the scales 
supplied and commonly need with the springs gave really correct readings, within reasonable limits 
of error, and if not how more accurate readings could bo obtained ; whether the varying extension 
on the spring caused any appreciable error. 

The first series of experiments had for its object to test how far the elasticity of the springs 
themselves, independently altogether of the indioators, was perfect, howfar, tiiat is, the compression 
of the springs was proportional to the pressure acting upon them, and how closely they returned to 
their original lengths on the removal of the pressure. The fijfst eight springs of Table L, Aj to B, 
were tested at ordinary atmospheric temperature. 

The spring was placed vertically on the faced surface of a specially made bracket, which was 
itself supported on a stand resting on a stone foundation. A turned steel pin was passed down 
through the spring, its head resting fair on the upper brass ring, and its lower end having provision 
for attaching the scale in which the weights were placed. The weight of the pin and sqale 
together was 0* 148 kilos. A small, very finely engraved cross was marked on the side of the top 
ring, and another similarly on the bottom ring of the spring, the points given by these crosses 
serving as points to which lengths could be measured. The actual measurement was done by 
means of a very accurate kathotometer, reading with certainty to 0*05 of a millimetre and by 
estimation to O’ 01 of a millimetre. All the readings were taken to two places of decimals, but the 
lost figure is always liable to an error of estimation of about 0*02 of a millimetre. The katheto- 
moter was placed a little over 5 ft. from the spring, and instead of adjusting the level attached to 
its telescope completely each time a reading was taken, a oorrectioii was very carefully determined 
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once for al! for different ^itlons of the babble in the level, and thie correction was added to or 
sabtr^ted foom each leading. 

Seven indicators in all were need in the experiments, and ten springs. For brevity's sake we 
Blm.ll refer to these by letters, the nse of which will be understood from Table 1. 


Taulb I. — Indioatobs and Spbiwos usbd m Expebimbbts with Biohabds’ Insxbttmbnts. 


1 

Beference Letter 

Maximiim Preasare 

•s 

Ratio of 
Increase of 



Reference 

^No.in 



for which Spring 


Stroke 
bp Par. 
Motion. 

Maker. 

Bemarka 

Original 

Accounts 



WAS intended. 

II 



of Ex- 
periments. 

A 

A 


6 atmospheres 

3 „ 

cm. 

|2-00 

8*30 

Soh&ffer & Budenberg 


221 

B 


80 lb. a sq. in. 

2*02 

8*99 

£lliott Srothers 

little used 

1884 

0 

0 

8: 

6 kilos a sq. cm. 

3 „ 

jl*96 

3*91 

Sch^er A Budenberg 

very little used 

895 

D 

D 

D. 1 

10 atmospheres 

3 

|l*96 

8*28 

ff 


474 

£ 

£ 1 

6 

1*97 

8*40 

Elliott brothers 

a good deal used 

806 

P 

P 

60 lb. a sq. in. 

2*02 

4*07 

„ ' 

466 

G 

G 1 

1 

f n 

2*02 

3*99 

1 

little used 

499 


The distance between the marks was read first with the spring unloaded, and then with 
gradually increased loads, placed on the scale until the spring was compressed to an extent corre- 
sponding to the maximum pressure for which it was designed. The weights were then removed 
and a r^ing made when we spring was once more free. The first and the last readings were 
compared and the set measured, and then lastly the spring was forcibly extended 3 or 4 mm., and 
allowed to recover itself, and its length measure agam to see whether it had entirely lost any set 
it might have taken. ^ 

The measurements of lengths and pressures were all recorded in millimetres and kilogrammes 
respectively. The small lengths or alterations of length which are dealt with can be mu(fii more 
easily stated in millimetres than in inches if inches indeed were used at all, we should have a 
hundredth of an inch as a unit. All the most important quantities obtains as results of the 
experiments are ratios and percentages, and therefore ^uite independent of the units of measure- 
ment employed, and applicable directly, without channng one measure into another. 

Table 11. gives in a condensed form the results of the series of experiments described. 


Table 11. — Spbibo A,. 


Original length • . 46*13 mm. 

Fin^ length 46*04 „ 

Set per cent, of maximum compression 0*59 

Length after 3 mm. extension 46*07 mm. 

Mean compression a kilogramme 0*89 „ 


Load Kilos. 

Compression 

Millimetres. 

Compression 
a Kilo. 

Dlffarenoe from Mean. 

Difference fh>m Final. 

Absolute. 

Per Cent 

Absolute. 

Per Cent 

I. 

U. 

UL 

IV. 

V. 

VI. 

VII. 

1*5 

1*43 

0*95 

+ 06 

6*7 

+ 11 

13*1 

4*5 

8*99 

0*89 

•00 

0*0 

+ 05 

5*9 

9*0 

7*86 

0*87 

-02 

2*2 

+ 03 

8*6 

18*5 

11*62 

0*86 

-03 

3*3 

+ 02 

2*4 

18*0 

15*14 

0*84 

-•05 

5*6 


0*0 


Tablb III. — Spbing Af 

Original length.. •• 45*77 mm. 

Final length 45*71 „ 

Set per cent, of maximum oompression 0*83 

Length afteac 5 mm. extension 45*80 mm. 

Mean oompression a kilogramme 1*79 „ 


L 

U. 

IlL 

IV. 

V. 

VL 

VII. 

1*14 

1*14 


mmm 

4*5 

+ •14 

8^1 

8*14 

5*64 



0*0 

+ *06,« 

V 3^5''' 

5*14 

9*03 



1*7 

+*oa!j. ■ 

l-t ' 

7*14 

12*83 


-•07 

3'9 

+ -02\fv 



18*15 

mm 

-•06 

8*3 

•00 i: 

A ./.] 
































